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PREFACE 


The  present  volume  is  a collective  reprinting  of  issues  1 - 28  of  PaleoBios,  published  initially 
during  the  period  1967  - 1978. 

PaleoBios  is  an  outlet  for  short,  occasional  contributions  of  paleontological  significance.  Since 
its  inception  the  journal  has  been  managed  and  edited  by  graduate  students  in  Paleontology,  University 
of  California,  Berkeley.  We  wish  to  acknowledge  the  contributions  of  D P.  Whistler,  J.H.  Hutchison, 
L.G.  Barnes,  D P.  Domning,  C.B.  Hanson,  M.J.  Novacek,  K.E.  Ahern,  J.  Munthe,  S.A.  McLeod,  A. 
Berta,  and  N.J.  Harper,  editors  for  the  issues  in  this  volume.  We  wish  to  extend  special  thanks  to 
Ralph  Gentile  of  C.J.  Graphics  and  Annemarie  Mitchell  of  the  Central  Library,  U.C.  Berkeley.  Also, 
we  wish  to  express  our  appreciation  for  the  support  of  the  academic  and  the  non-academic  staff  of  the 
Museum  of  Paleontology,  as  well  as  that  of  Drs.  D.E.  Savage,  J.T.  Gregory,  and  W.B.N.  Berry,  Direc- 
tors of  the  Museum. 

A number  of  editorial  modifications  have  been  made  to  facilitate  the  utility  of  this  volume. 
Typographical  errors  have  been  corrected,  issue  headings  have  been  added  to  each  page,  and  the  page 
size  on  issues  1 - 7 has  been  changed.  All  plates  have  been  reset  for  this  volume,  while  figures  have 
been  reproduced  directly  from  the  original  issues.  An  insert  originally  included  with  Issue  no.  19  has 
been  reproduced  as  an  appendix  to  that  issue.  Finally,  a comprehensive  index,  as  well  as  a table  of  con- 
tents, has  been  prepared  for  this  retrospective  volume. 


John  J.  Chiment 
David  E.  Foster 
Samuel  A.  McLeod 
Elizabeth  A.  Nesbitt 
Mark  A.  Wilson 
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David  P.  Whistler 


OREODONTS  OF  THE  TICK  CANYON  FORMATION, 
SOUTHERN  CALIFORNIA 


BY  DAVID  P.  WHISTLER 

In  1940,  Richard  H.  Jahns  reviewed  the  stratigraphy  of 
the  nonmarine  Mint  Canyon  Formation  in  the  eastern  part  of 
the  Ventura  Basin  and  separated  from  it  a new  formation  and 
fauna.  Previous  to  this  work,  a controversy  existed  as  to 
the  age  of  the  Mint  Canyon  Formation,  for  it  contained 
vertebrates  considered  indicative  of  both  the  Miocene  and 
Pliocene  (Kew,  1924,  Maxson,  1930,  and  Stirton,  1933).  As  a 
partial  solution  to  this  controversy,  Jahns  demonstrated  the 
presence  cf  an  erosional  unconformity  low  in  the  nonmarine 
sequence  which  indicated  a shift  in  source  area.  He 
redefined  the  beds  below  the  unconformity  as  the  Tick  Canyon 
Formation  (Jahns,  1940,  pp.  163-66). 

Additional  fossils  discovered  in  the  Tick  Canyon 
Formation  since  Maxson’ s work,  and  certain  of  the  forms 
described  by  Maxson,  comprise  the  Tick  Canyon  fauna.  Only 
two  specimens  described  by  Maxson  are  from  the  Tick  Canyon 
Formation,  UCMP  30046,  the  type  of  Miolabis  californicus 
and  UCMP  23852,  a dentary  fragment  of  a Parahippus . Neither 
of  these  permitted  a definitive  age  determination.  The 
additional  fauna  described  by  Jahns  indicates  an  Arikareean 
mammalian  age  (early  Miocene),  and  there  is  a noteworthy 
temporal  hiatus  between  the  Tick  Canyon  fauna  and  the  over- 
lying  Mint  Canyon  fauna.  In  addition,  faunas  comprising 
three  mammalian  ages,  late  Barstovian,  and  earlier  and  late 
Clarendonian,  are  now  recognized  from  the  Mint  Canyon 
Formation,  but  this  is  not  the  principal  concern  of  this 
paper. 

Several  reviews  of  individual  taxa  from  the  Tick  Canyon 
fauna  describe  either  new  genera  or  species  (Dawson,  1958, 
Reeder,  1960).  All  the  described  taxa  were  originally 
restricted  to  the  Tick  Canyon  Formation.  Unpublished  records 
of  these  taxa  now  occur  in  other  California  localities. 

The  composite  Tick  Canyon  fauna  as  presently  known  is 
as  follows:  a heteromyid  rodent,  Trogomys  rupinimenthae 

Reeder,  1960,  a rabbit,  Archaeolagus  acaricolus  Dawson, 

1958,  two  oreodonts,  Merychyus  (Merychyus)  calaminthus  Jahns, 
1940,  and  Merychyus  (Merychyus)  ;]ahnsi  (this  paper),  a camel, 
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Miolabis  californicus  Maxson,  1930,  and  a stenomyline  camel 
(previously  unpublished  record). 

All  California  Institute  of  Technology  collections  are 
now  conserved  in  the  Los  Angeles  County  Museum  of  Natural 
History.  With  the  consent  of  this  institution,  the  author 
was  able  to  study  the  entire  sample  of  oreodonts  from  the 
Tick  Canyon  fauna,  which  includes  an  additional  maxillary 
fragment  collected  by  Miss  Beth  Chasse,  an  associate  of  the 
museum. 

Jahns  (1940,  p.  187)  specified  four  specimens  as 
cotypes  of  the  species  Merychyus  calaminthus ; CIT  1383,  1382, 
1342,  and  1829.  Although  Jahns  implies  that  all  these 
specimens  are  from  a single  quarry  sample,  CIT  201,  the 
labels  on  the  specimens  indicate  that  CIT  1342  was  from 
another  locality  within  the  Tick  Canyon  Formation,  CIT  199. 
Jahns  considered  the  specimens  CIT  1383,  1382,  and  1842 
adults  and  the  other  juvenile.  An  incomplete  skull,  CIT  1382, 
entered  significantly  into  his  typification  of  M.  calaminthus . 
I believe  this  specimen  represents  a distinct  species  and 
designate  it  the  type  of  M.  (Merychyus)  jahnsi,  described 
below. 

Schultz  and  Falkenbach  (1947,  p.  188)  included  a 
discussion  of  the  species  M.  (M.)  calaminthus  in  their  re- 
vision of  the  subfamily  Merychyinae,  and  redefined  as  a 
single  holotype  LACM  1383.  They  concluded  that  the  incomplete 
skull,  CIT  1382,  represented  a juvenile  individual  with  dP^ 
and  m!"2,  rather  than  an  adult  with  M^"3,  as  reported  by 
Jahns.  I agree  with  Jahns  in  regarding  LACM  1382  as  a young 
adult  individual.  This  is  based  on  several  characters.  The 
most  anterior  cheek  tooth  present  (M^  according  to  Jahns, 
dP^  according  to  Schultz  and  Falkenbach)  has  well  developed 
roots  and  the  character  of  the  enamel  is  identical  with  that 
of  the  more  posterior  cheek  teeth.  Deciduous  dentitions 
often  bear  smoother  and  lighter  colored  enamel,  and  this  is 
the  case  with  the  juvenile  Tick  Canyon  specimens.  Examination 
of  the  order  of  replacement  and  occlusion  in  the  genus 
Merychyus , including  the  juvenile  material  in  the  Tick  Canyon 
sample,  shows  that  the  dP^  and  M^  are  moderately  worn  before 
the  M^  begins  to  show  wear  facets.  In  LACM  1382,  the  most 
anterior  tooth  (M^ , this  paper)  is  moderately  worn,  but  the 
next  tooth  (M^,  this  paper)  displays  very  little  wear.  This 
second  tooth  should  be  moderately  worn  if  it  is  M^-  as 
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inferred  by  Schultz  and  Falkenbach.  In  addition,  an  unerupted 
bud  of  permanent  p4 

would  be  expected  to  exist  below  this 
anterior-most  tooth  if  it  is  the  dp^.  On  the  contrary,  this 
anterior  tooth  is  strongly  rooted  and  well  socketed  in  the 
maxillary  bone. 

Since  LACM  1382  represents  an  adult  individual,  compar- 
ison can  be  made  with  the  holotype  of  M.  (M.)  calaminthus . 

This  comparison  reveals  several  morphological  differences 
and  an  average  size  difference  of  15  per  cent. 

Order  ARTIODACTYLA 
Family  Merycoidodontidae 

Subfamily  Merychyinae 

Merychyus  (Merychyus)  calaminthus  Jahns  (restricted) 

Type : Part  of  a skull  with  pi  to  m3,  LACM  1383. 

Referred  material:  Badly  crushed  fragment  of  left  mandible 

with  P3  to  M3  inclusive,  LACM  1342. 

Type  locality:  CIT  201;  west  side  of  small  canyon  in  south- 

west corner  of  Section  24,  T5N,  R15W,  San  Bernardino  Baseline 
and  Meridian,  Humphreys  Quadrangle  (1932),  United  States 
Geological  Survey  (Jahns,  1940,  p.  187). 

Amended  diagnosis:  Size  slightly  smaller  (less  than  two  per 

cent)  than  M.  (Merychyus ) crabilli  Schultz  and  Falkenbach; 
skull  apparently  with  deep  antorbital  fossa,  but  prelacrimal 
vacuity  small,  if  present;  malar  depth  moderate,  single  large 
infraorbital  foramen  above  P^ ; dentition  hypsobrachyodont , 
superior  tooth  row  straight  and  closely  spaced,  superior 
premolars  with  fairly  complicated  patterns,  only  moderately 
reduced  anterior  lophs  of  p3-4;  pl-2  set  at  slight  angle  to 
alveolar  border;  external  styles  of  superior  molars  moderate- 
ly prominent. 

Discussion:  In  addition  to  the  above  mentioned  characters, 

Jahns  noted  the  presence  of  a small  lingual  spur  projecting 
into  the  fossette  in  P^.  Schultz  and  Falkenbach  attribute 
this  character  to  individual  variation,  however  an  oreodont 
skull  fragment  in  the  collection  of  the  University  of 
California,  Riverside,  from  an  undescribed  Arikareean  fauna 
in  the  Mojave  Desert  displays  this  character  also.  The  P3-4 
in  the  referred  mandible  are  well  worn,  but  still  bear 
remnants  of  lingual  fossettes,  suggesting  similar  complexity 
to  the  upper  premolars.  Jahns  (1940,  p.  189-90)  also  figures 


3 


no . 1 


and  describes  a left  pes.  This  specimen  was  not  definitely- 
associated  with  any  of  the  skull  remains,  so  it  cannot  be 
unquestionably  referred  to  either  species. 

Merychyus  (Merychyus)  jahns i sp.  n.  Figure  1 

Type : Part  of  a skull  with  M^~^;  figured  as  a cotype  of  M. 

(Merychyus)  calaminthus  by  Jahns,  1940,  plate  2,  figure  2 
and  3a;  LACM  1382.  The  LM1  was  absent  in  the  original 
figure  but  was  found  in  the  collection  and  replaced  on  the 
specimen. 

Referred  material:  Nearly  complete  skull  and  mandibles  of 

a juvenile,  LACM  1829;  incomplete  skull  and  mandible  of 
young  juvenile,  LACM  1384,  and  juvenile  maxillary  fragment 
with  C erupting  and  with  dP^-“^,  LACM  13431. 

Locality:  Same  as  for  M.  (Merychyus)  calaminthus . 

Etymology:  Named  in  honor  of  Professor  Richard  H.  Jahns, 

in  recognition  of  his  original  work  on  the  Tick  Canyon  fauna. 
Diagnosis : Smallest  recognized  species  of  the  genus 

Merychyus , a number  of  measurements  averaging  15  per  cent 
smaller  than  M.  (Merychyus)  crabilli  (Fig.  2) ; low  flat 
skull,  supraoccipital  wings  widely  spread;  shallow  antorbital 
fossa,  small  prelacrimal  vacuity  with  triangular  outline; 
lightly  constructed  malar;  paired  infraorbital  foramina 
above  p3 , superior  molars  subhypsodont. 

Description:  Skull : By  combining  the  type  and  the  referred 

fragment  of  cranium,  LACM  1829,  a description  of  nearly  the 
entire  skull  is  possible. 

Jahns  (1940,  p.  187):  The  dorsal  surface  of  the 

skull,  as  seen  in  CIT  1382,  is  low  and  flattened, 
with  its  highest  point  at  the  postorbital  constric- 
tion. The  brain  case  has  a nearly  circular  horizontal 
cross  section,  and  its  upper  surface  is  marked  by 
two  broad,  very  low  temporal  ridges.  These  ridges 
unite  just  in  back  of  the  glenoid  fossae  to  form  a 
short,  narrow  sagittal  crest  that  is  clearly 
defined  but  not  prominent.  The  occipital  crests  are 
sharp  and  well  developed. 

(p.  188)  The  malar  is  of  medium  build,  but  the 
zygomatic  arches  are  light.  The  elevated  orbits 
are  rather  small  and  only  slightly  elongated 
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anteroposterior ly . From  the  orbits,  the  lacrimals 
project  forward  to  occupy  a rather  extensive  area  on 
the  face;... The  short  nasals  are  widest  at  their 
anterior  ends.  These  elements  appear  to  be  slightly 
constricted  at  the  middle,  and  are  rounded  posteri- 
orly. The  frontals,  flat  to  gently  convex,  rise  to 
a low  ridge  at  the  orbital  rim. 

There  is  a shallow,  elongate  antorbital  fossa.  The 
antorbital  fossae  in  M.  (M. ) calaminthus  are  not  preserved, 
but  a sharp  infolding  of  the  lacrimal  anterior  to  the  orbit 
suggests  that  the  fossae  were  much  deeper  than  in  M.  (M.) 
jahnsi.  The  malar  is  of  somewhat  lighter  build  in  M.  (M. ) 
jahnsi  than  in  M.  (M. ) calaminthus . 

Schultz  and  Falkenbach  (1947,  p.  188)  describe  the 
basicranial  region,  an  important  area  in  their  distinction 
of  species,  as  follows: 

. . . supraoccipital  wings  widely  spread,  possibly  less 
fan-shaped  occipital  region  than  in  average  Merychyus 
examples . . . 

Jahns  (1940,  p.  188)  describes  the  remainder  of  the  skull  as 
follows : 

In  spite  of  local  crushing,  several  foramina  are 
clearly  visible  in  the  basicranial  region.  A large 
foramen  ovale  is  situated  internally  with  respect  to 
the  glenoid  fossa,  and  a small,  round  foramen  lacerum 
anterius  is  completely  concealed  in  ventral  view  by  a 
marked  overhang  of  the  pterygoid.  There  is  no  trace 
of  the  foramen  rotundum,  and  an  alisphenoid  canal  is 
not  present;  instead,  the  carotid  artery  appears  to 
have  been  carried  in  a short,  moderately  narrow,  but 
very  deep  groove.  This  groove  is  bounded  exteriorly 
by  a stubby  pyramidal  process  situated  on  the 
posterior  outer  edge  of  the  alisphenoid,  and  interiorly 
by  one  of  the  ventrally  diverging  pterygoids. 

A portion  of  the  rim  of  the  foramen  lacerum 
medium  is  preserved  pos terointernally  to  the  foramen 
lacerum  posterius  in  back  of  the  space  occupied  by 
the  tympanic  bulla. 

The  infraorbital  foramina  lie  above  the  middle 
part  of  P^,  and  the  [anterior]  palatine  foramina 
occupy  positions  opposite  . . . 
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The  infraorbital  foramen  is  paired  with  a smaller 
foramen  lying  posterior  to  and  slightly  below  the  principal 
infraorbital  foramen. 

No  adult  mandibles  are  represented  in  the  sample  of  this 
species.  The  juvenile  mandibles,  LACM  1829,  bear  no  apophy- 
sis below  the  condyle  as  is  found  in  the  subgenus  Metoreodon 
Schultz  and  Falkenbach. 

Dentition : The  type  is  the  only  adult  available  for  study, 

and  the  specimen  bears  only  the  molars.  No  permanent  p2,  p3} 
P4,  incisors  or  inferior  canine  are  available  for  study. 
However,  pi  and  the  superior  canine  erupt  early  and  are 
present  in  two  juvenile  specimens,  LACM  1829  and  1384.  These 
teeth  do  not  differ  markedly  from  those  in  M.  (M.)  calaminthus 
or  M.  (M.)  crabilli.  The  mandibles  of  the  juvenile  LACM  1829 
bear  early  wear  M^_2  and  an  unerupted  M3.  These  teeth  seem 
to  be  narrower  in  relation  to  length  than  any  other  described 
species  of  the  genus  Merychyus . 

Deciduous  dentition:  Both  referred  specimens  bear  deciduous 

dentitions  which  permit  a unique  opportunity  for  study  of 
these  less  commonly  described  teeth.  The  dP1^  is  molariform 
and  square  in  outline.  It  bears  a well-developed  parastyle, 
mesostyle,  and  metastyle.  In  addition,  it  appears  to  bear 
a small  protoconule  and  hypoconule  as  low  distinct  cusps  on 
the  labial  margins  of  the  fossettes.  The  posterior  loph  of 
the  dp3  is  also  molariform,  except  that  it  lacks  the  styles. 
There  is  also  a small  hypoconule  on  the  labial  margin  of  the 
fossette  in  this  tooth.  The  anterior  loph  is  somewhat 
reduced,  but  bears  two  shallow,  anteriorly  opening  fossettes. 
The  dP^  is  two-lophed,  as  long  as  the  dp3,  but  only  as  broad 
as  the  anterior  loph  of  the  latter.  The  labial  surface  bears 
no  styles,  and  any  fossettes  that  may  have  been  present  are 
completely  worn  away. 

The  dP2  and  dP3  do  not  differ  markedly  from  the 
permanent  P2  and  P3  in  M.  (M. ) crabilli , except  for  smaller 
size.  The  dP4  is  three-lophed  with  an  increase  in  loph  size 
from  the  anterior  to  the  posterior  loph.  There  is  no  lingual 
cingulum,  but  weakly  developed  labial  cingula  are  present  at 
the  base  of  the  crown  between  the  lophs. 

Figure  2 is  a ratio  diagram  of  selected  characters  in 
the  skull  and  superior  and  inferior  dentitions  of  M. 
(Merychyus)  crabilli , M.  (Merychyus)  minimus  Schultz  and 
Falkenbach,  M.  (Merychyus)  calaminthus , and  M.  (Merychyus) 
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Figure  1 - Merychyus  (Merychyus)  jahnsi  sp.  n holotype,  LACM  1382,  palatal  view 
showing  right  M ' and  left  M]_  and  M^  , and  dorsal  view.  Scale  equals  1 centimeter. 
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jahnsi.  This  method  for  graphical  representation  of  size 
differences  is  taken  from  G.  G.  Simpson  (1941)  which  includes 
a complete  explanation  of  the  construction  and  interpreta- 
tion of  this  figure.  The  method  essentially  compares  the 
relative  proportions  of  dimensions  in  any  number  of  different 
species  (three  in  this  case)  to  a single  form  arbitrarily 
picked  as  the  standard  of  comparison,  M.  (Merychyus ) crabilli 
in  this  case.  The  dimensions  are  converted  to  a geometric 
or  logarithmic  scale  in  order  that  an  absolute  ratio  of 
numbers  will  be  represented  by  the  same  distance  plotted  on 
the  graph.  Since  we  desire  to  ignore  absolute  values  and 
represent  only  ratios,  the  differences  between  logarithms 
are  plotted.  The  log  difference  scale  is  plotted  on  the 
ordinate  and  the  various  dimensions  on  the  abscissa.  Negative 
log  difference  values  represent  a ratio  which  is  less  than 
one,  or  in  other  words,  a ratio  in  which  the  standard  of 
comparison  is  larger  than  the  form  to  which  it  is  being  com- 
pared. The  horizontal  lines  plotted  along  the  ordinate 
at  each  character  are  a log  measure  of  the  estimated  range 
of  that  character.  This  estimate  was  obtained  by  taking 
3.24  times  the  standard  deviation  (see  Simpson,  e_t  al . , 

1960).  The  small  number  indicates  the  sample  size.  Figure  2 
reveals  that  M.  (M. ) jahns i is  consistently  smaller  than  M. 

(M. ) crabilli,  well  outside  of  the  estimated  maximum  vari- 
ability found  in  the  latter.  However,  at  least  in  relation 
to  the  proportion  of  the  characters  compared,  M.  (M. ) jahns i 
displays  a close  resemblance  to  M.  (M. ) calaminthus . The 
presence  of  long  shallow  antorbital  fossae,  paired  infra- 
orbital foramina,  a relatively  shallower  malar  and  a relative- 
ly smaller  M^  serves  to  distinguish  further  M.  (M. ) jahnsi 
from  M.  (M.  ) calaminthus . 

PHYLOGENETIC  POSITION  OF  THE  TICK  CANYON  0RE0D0NTS 

There  are  a number  of  unpublished  oreodont  records  from 
Southern  California  which  yield  pertinent  information  about 
the  phylogenetic  position  of  the  Tick  Canyon  oreodonts.  The 
Hemingfordian  Boron  fauna  (Whistler,  University  of  California, 
Riverside,  Master's  thesis,  1964)  contains  two  well  repre- 
sented species  of  Merychyus  which  display  affinities  with 
M.  (M. ) calaminthus  and  M„  (M.)  jahnsi.  Both  an  unpublished 
Arikareean  fauna  in  the  Mojave  Desert  and  the  Hemingfordian 
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Figure  2 - Ratio  diagram  of  various  skull  dimensions  in 
M.  (Merychyus)  calaminthus , M.  (M.)  jahnsi , M.  (M.)  crabilli 
and  M.  (M. ) minimus . Fac-distance  from  anterior  base  of 
canine  to  anterior  rim  of  orbit;  SP-length  of  superior 
premolar  series;  SM-length  superior  molar  series'  M^-length 
M^;  M^-width  anterior  ]oph  M* ; P^ length  P^ ; P^  -width 
P^ ; Mal-malar  depth;  IP-length  anterior  premolar  series; 

IM- length  inferior  molar  series;  M2^-length  M2;  M2  -width 
anterior  loph  Mg.  For  explanation  of  graph,  see  page  6 or 
Simpson  (1941).  Data  for  M.  (M.)  crabilli  and  M.  (M. ) 
minimus  taken  from  Bader  (1955). 
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Phillips  Ranch  fauna  (Buwalda  and  Lewis,  1955)  contain 
similar  oreodont  species. 

Therefore,  two  local  lineages  appear  to  be  present  in 
the  Mojave  Desert  region.  One  of  these  lineages,  M.  (M.) 
calaminthus , and  similar  or  large  species,  displays  very 
little  change  except  for  an  increase  in  size  and  appears  to 
die  out  in  the  Hemingfordian. 

The  other  lineage  is  best  represented  by  the  species  of 
Merychyus  at  Boron  which  was  referred  to  the  subgenus 
Metoreodon.  This  Boron  form  has  a shallow  antorbital  fossa 
and  paired  infraorbital  foramina,  both  of  which  are  developed 
in  M.  (M.)  jahnsi.  A specimen  from  the  Mojave  Arikareean 
site  also  bears  paired  infraorbital  foramina.  Merychyus 
(Metoreodon)  relictis  f letcheri  Schultz  and  Falkenbach,  a 
much  larger  and  only  questionably  related  form,  occurs  low 
in  the  Barstow  Formation.  The  Barstow  record  is  the  last 
occurrence  of  the  subfamily  Merychyinae  in  Southern 
California. 

It  is  premature  to  say  with  certainty,  but  it  appears 
that  there  may  be  one  or  more  endemic  lineages  of  merychyine 
oreodonts  evolving  in  the  Mojave  Desert  region  during  the 
Miocene. 

I would  like  to  thank  Mr.  Karoly  Fogassy  who  prepared 
the  illustrations  and  Richard  H.  Tedford  who  supplied 
financial  assistance  and  critical  discussion  of  the 
manuscript. 
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TABLE  1 

Comparative  measurements  in  the  skull  of  Merychyus 
(Merychyus ) calaminthus  and  M.  (Merychyus ) jahns i . All 
measurements  in  centimeters. 


M.  (M.)  M.  (M.) 

calaminthus  jahnsi 


Facial  length,  C to 

anterior  rim  of  orbit 

Malar  depth  below  orbit 

Palate  width  at  M-*- 

Length  P^-P^ 

Length  M^-M^ 

Length  C-M^ 

Length  P^ 

Width  P^ 

Crown  height 

Length 

Width  M^ 

Crown  height  at 

mesostyle  M^ 

Crown  height  at 

mesostyle  M1 

Crown  height  at 
9 

mesostyle  M 
Length  dP^-dP^ 

Length  dP^ 

Length  dP^ 

Length  dP^ 

* Estimated  measurement 


LACM 

LACM 

LACM 

LACM 

1383 

1382 

1829 

1384 

58* 

37.0 

28.0 

13.2 

10.0 

9.2 

21.3 

16.1 

19.0 

14.4 

28.0 

36.0 

30.6 

31* 

78* 

55* 

7.0 

9.1 

10.0 

15.5 

13.5 

11.8 

12.0 

11.0 

12* 

5.0 

2.8 

6.0 

8.7 

8.0 

9.0 

5.9 

17.8 

5.5 

6.7 

7.2 
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TABLE  2 

Comparative  list  of  measurements  in  the  mandible  of 
Merychyus  (Merychyus)  calaminthus  and  M.  (Merychyus)  jahnsi. 
All  measurements  in  centimeters. 


M.  (M.)  M.  (M.) 

calaminthus  jahnsi 


LA  CM 

LACM 

LACM 

1342 

1829 

1384 

Mandible  depth  below  P2 

11* 

14.1 

Length  of  symphysis 

18.1 

Length  M3 -M3 

35.8 

31* 

Length  C-M3 

56* 

Length  M2 

10.0 

11.1 

11.4 

Width  anterior  loph  M2 

7.4 

6.7 

Crown  height,  anterior 

loph  M2 

3.1 

1* 

Crown  height,  anterior 

loph  M3 

2* 

5* 

6.8 

Crown  height,  anterior 

loph  M3 

8.0 

Length  dP2~dP4 

23.0 

Length  dP2 

6.2 

Length  dP3 

6.0 

6.8 

Length  dP^ 

11.1 

11.2 

* Estimated  measurements 
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Abstract 

Although  asteroids  usually  become  disarticulated 
rapidly  after  death,  Recent  forms  collected  on  the  beach  of 
Baja  California  show  noteworthy  transport  abrasion  but 
little  tendency  for  disarticulation.  A relatively  complete 
fossil  starfish  therefore  cannot  be,  by  itself,  considered 
proof  of  rapid  deposition  of  the  containing  sediment;  in 
evaluating  ossicle  morphology  of  such  specimens,  the 
possibility  of  pre-depositional  abrasion  should  be  con- 
sidered . 


The  individual  ossicles  of  an  asteroid  skeleton  are 
not  sutured  to  one  another  but  are  bound  together  by 
muscle  and  dermal  tissue.  Unless  an  asteroid  is  quickly 
buried  upon  death,  the  tissues  usually  decompose  and  the 
skeleton  disarticulates.  Therefore,  discrete  ossicles  or 
fragments  are  more  common  as  fossils  than  entire  tests. 
Most  discrete  fossil  ossicles  are  abraded  evenly  on  all 
surfaces  indicating  that  this  wear  usually  occurs  after 
disarticulation.  The  observations  recorded  here  indicate 
that  this  is  not  always  the  sequence  of  events. 

Complete  fossil  starfish  are  rarely  discovered  and 
generally  have  been  considered  indicative  of  rapid  burial. 
However,  a small  sample  of  dead  Recent  asteroids  collected 
on  the  beach  on  Cerralvo  Island,  near  La  Paz,  Baja 
California  shows  that,  at  least  under  certain  conditions, 
the  dermal  tissue  may  be  resistant  to  decomposition  and 
permit  transportation  and  abrasion  of  the  skeleton  prior 
to  burial.  This  sample  contains  the  following  species: 
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Nidorellia  armata  (Gray)  (3  specimens) 
Pentaceraster  cumingi  (Gray)  (5  specimens) 

Pharia  pyramidata  (Gray)  (2  specimens) 

Phataria  unifascialis  (Gray)  (3  specimens) 
Asteropsis  carinifera  (Lamarck)  (1  specimen) 

The  actinal  surfaces  of  the  arms  and  the  infra- 
marginal ossicles  of  the  disc  are  highly  abraded  on  all 
specimens  of  Pentaceraster  (Fig,  la-d).  There  is  no 
surface  ornamentation  remaining  on  the  ossicles  near  the 
arm  tip  and  little  on  those  in  the  interbrachial  position. 
The  basic  outline  of  these  ossicles  has  been  changed.  The 
minor  amount  of  differential  weathering  between  the  marginal 
ossicles  and  the  enclosing  dermis  illustrates  the  resistant 
nature  of  this  tissue  and  its  physical  resistance  to 
abrasion.  The  oral  surfaces  of  the  discs  are  arched  and 
were  not  in  contact  with  the  substrate.  Most  granules  and 
pedicellaria  remain  on  the  oral  intermediate  ossicles.  The 
spines  are  present  in  the  ambulacral  furrows  nearly  to  the 
arm  tip,  protected  by  the  relatively  prominent  oral  inter- 
mediate and  inframarginal  ossicles.  The  abactinal  surface 
is  somewhat  abraded;  the  most  prominent  spines  and 
projecting  portions  of  the  ossicles  are  lost,  while  the 
fine  granules  of  the  sides  of  the  ossicles  and  the  papular 
area  remain  intact.  The  arm  tips  of  several  specimens  are 
in  the  process  of  breaking  away,  perhaps  by  shrinkage  and 
breakage  of  the  dermis  during  desiccation. 

The  specimens  of  Nidorellia  are  similar  to 
Pentaceraster  in  the  abrasion  suffered.  However,  one 
specimen  is  more  worn  on  the  oral  surface,  another  on  the 
aboral  surface  indicating  that  this  flat  form  may  be  un- 
stable in  the  surf  regardless  of  the  surface  toward  the 
substrate. 

In  contrast  to  Pentaceraster  and  Nidorellia,  which 
have  heavy  tests,  those  of  Phataria  and  Pharia  are  light. 

The  surficial  tissue  has  been  largely  removed  in  specimens 
of  these  genera,  but  the  individual  ossicles  show  only 
moderate  wear. 

In  life,  the  plates  of  As teropsis  are  covered  by  a 
thick  fleshy  tissue.  In  the  specimen  of  this  genus  in  the 
collection,  the  fleshy  layer  has  served  to  protect  most 
ossicles  but  projecting  spines  have  been  abraded. 
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Figure  1 - a-d,  Pentaceraster  cumingi.  a-b,  UCMP  30290, 
lateral  and  oral  views  of  abraded  arm.  c-d,  UCMP  35087, 
lateral  and  oral  views  of  unabraded  arm.  e,  Asteropsis 
carinif era » UCMP  12106,  aboral  view  of  arm.  Natural  size. 
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In  another  specimen  of  Asteropsis , collected  from  the 
west  coast  of  Baja  California,  the  soft  tissues  have  been 
almost  entirely  lost,  yet  the  skeleton  remains  articulated 
(Fig.  le).  There  is  no  evidence  of  physical  abrasion  on 
this  specimen. 

Steinbeck  and  Ricketts  (1941)  report  Pentaceraster 
from  between  3 and  40  fathoms,  and  Nidorellia,  Pharia,  and 
Phataria  from  the  intertidal  zone.  Sladen  (1889)  reports 
Asteropsis  from  shallow  water.  Therefore,  all  the  present 
species  are  from  shallow  water  or  are  intertidal;  none  need 
have  been  transported  far  prior  to  arrival  on  the  beach. 

The  climate  of  the  area  is  arid,  and  certainly  contributed 
to  the  preservation  once  the  specimens  were  washed  up  on 
the  beach.  The  considerable  wear  of  the  ossicles  shows 
that  the  specimens  were  transported  and  abraded  by  surf 
action,  however.  They  were  in  water,  wet,  and  presumably 
subject  to  bacterial  decomposition,  yet  the  dermis  had  not 
yet  decomposed  and  the  ossicles  had  not  disarticulated. 

These  observations  indicate  that  a relatively  complete 
fossil  starfish  is  not  necessarily  proof  of  rapid  deposi- 
tion of  the  entombing  sediment;  the  test  must  be  examined 
for  evidences  of  pre-depositional  transportation.  Further, 
in  evaluating  any  smooth  surface  of  the  ossicles  of  a 
fossil  starfish,  the  possibility  of  transportation  and 
abrasion  prior  to  disarticulation  must  be  considered. 
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FROM  POTTER  CREEK  CAVE, 

SHASTA  COUNTY,  CALIFORNIA 


by 

J.  Howard  Hutchison 


A PLEISTOCENE  VAMPIRE  BAT  (Desmodus  stocki)  FROM 


POTTER  CREEK  CAVE,  SHASTA  COUNTY,  CALIFORNIA 
BY  J.  HOWARD  HUTCHISON 


The  range  of  Recent  and  previously  known  fossil 
vampire  bats,  Desmodontidae , does  not  extend  farther 
north  than  30°  north  latitude  or  farther  west  than  113° 
west  longitude  (Hall  and  Kelson,  1959).  The  discovery 
of  Desmodus  limb  bones  in  the  original  1902  and  1903 
collections  of  W.  J.  Sinclair  and  E.  L.  Furlong  from 
Potter  Creek  Cave,  Shasta  County,  California,  thus 
considerably  extends  the  range  of  the  genus  to  the 
north  and  west  (Fig.  1).  The  Potter  Creek  Cave  site, 
University  of  California  Museum  of  Paleontology 
locality  1055,  is  at  an  elevation  of  1500  ft.,  40° 

47'  02"  north  and  122°  16'  51"  west,  and  presently 
within  the  Transition  life  zone.  Although  several 
extinct  late  Pleistocene  (Rancholabrean)  taxa  are 
reported  from  this  site  by  Sinclair  (1904,  1905), 

Miller  (1911),  and  Stock  (1918),  most  of  the  non- 
extinct  fauna  still  lives  in  the  area. 

The  Desmodus  material,  UCMP  4017  (Fig.  2),  from 
Potter  Creek  Cave  consists  of  seven  humeri,  most  are 
partly  damaged.  Although  the  means  of  the  measurements 
of  the  humeri  (Table  1)  from  Potter  Creek  Cave  average 
slightly  greater  than  those  from  other  Pleistocene 
localities,  I could  detect  no  morphological  differences 
among  the  various  Pleistocene  forms. 

Two  extinct  species  of  Desmodus  have  been  described 
from  the  late  Pleistocene  deposits  of  North  America: 

D.  stocki  Jones  (1958)  from  Nuevo  Leon,  Mexico,  and 
D.  magnus  Gut  (1959)  from  central  Florida . Both  species 
are  larger  than  the  only  living  species  of  D_^  rotundus 
(Geoffroy  St.  Hilaire).  The  description  of  D.  magnus 
was  submitted  only  eleven  days  after  that  of  EL_  stocki 
and  neither  author  was  apparently  aware  of  the  other's 
work.  Olsen  (1960)  attempted  to  distinguish  D^_  magnus 
from  D.  stocki  on  additional  material  of  the  former. 
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but  he  did  not  compare  his  material  with  actual  specimens 
of  stocki . He  assumed  that  D^_  s tocki  resembled 
D.  rotundus  in  the  skull  features.  Thus,  the  distinct- 
iveness of  Ih_  magnus  cannot  be  considered  as  demonstrated. 

Comparison  of  the  type  skull  of  stocki , Los 
Angeles  County  Museum  No.  2129,  with  Olsen’s  description 
and  figures  of  the  skull  of  magnus  indicate  the 
following  similarities.  The  glenoid  fossae  are 
relatively  as  large,  and  the  step  or  swelling  at  the 
point  of  fusion  between  the  basisphenoid  and  basioccipi- 
tal  is  as  great.  The  foramen  hypoglossi  are  equally 
well  pronounced.  I had  difficulty  in  determining  the 
"decided  ventral  deflection"  of  the  paroccipital  process 
in  the  specimen  of  rotundus  that  I examined.  The 
differences  between  the  living  and  fossil  forms  seem 
rather  subjective  and  are  not  apparent  in  Olsen's  figures 


Figure  1 - Distribution  of  fossil  and  Recent  Desmodus  in 
North  America.  Shaded  area  indicates  the  geographic 
range  of  Recent  IX_  rotundus ; closed  circles  indicate 
D.  stocki  localities;  the  half  closed  circle  indicates 
locality  of  extinct  Cuban  D^_  rotundus  population. 
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Figure  2 - Desmodus  stocki , UCMP  4017,  right  humerus  with 
small  areas  of  the  deltoid  crest  restored  from  other 
specimens.  Anterior  view.  Potter  Creek  Cave,  Shasta 
County,  California.  Scale  equals  five  millimeters. 


3 


Measurements  of  the  humeri  of  Desmodus  stocki  in  millimeters. 
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*Two  other  specimens  were  damaged  but  both  were  over  42.0  mm.  as  preserved. 
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of  D^  magmas.  The  mastoid  and  paroccipital  processes  of 
the  Eg.  s tocki  specimen  are  damaged  and  thus  not  comparable. 

Considering  the  known  similarities  between  the 
fossil  forms,  there  seems  little  reason  to  retain  D_;_  magnus 
as  distinct  from  s tocki . The  known  Pleistocene 

continental  forms  may  thus  be  considered  as  single  species 
on  the  basis  of  size  and  a few  skull  features.  The 
Potter  Creek  Cave  Desmodus  is  referred  to  s tocki  on 
the  basis  of  size. 

Some  confusion  has  arisen  in  the  literature  as  to 
the  exact  localities  of  specimens  of  the  Florida  Desmodus . 
Brodkorb  (1959)  listed  Desmodus , n.  sp.,  from  Arredondo 
and  referred  to  Gut,  in  press  at  that  time.  Gut  (1959) 
in  describing  the  new  species,  D.  magnus,  designated  as  the 
holotype  a specimen  from  Reddick  and  referred  a humerus  from 
Haile  to  the  new  species.  Gut  made  no  mention  of  any  specimens 
from  Arredondo.  Olsen  (1960)  stated:  "However,  the 

Florida  vampire,  Desmodus  magnus , is  known  only  from  a 
Pleistocene  cave  in  Marion  County  near  Reddick,  Florida 
(Gut,  1959).  Although  well  known  Pleistocene  deposits  are 
present  in  Sabertooth  Cave,  a few  miles  to  the  south  and 
Haile  and  Arredondo,  a few  miles  to  the  north,  none  of 
these  localities  has  yielded  up  a single  bone  collected 
from  these  sites."  This  statement  is,  in  part,  in  direct 
contradiction  to  previous  reports.  In  examining  collections 
from  Arredondo  II  and  Haile  XIB , I found  additional  material 
of  Desmodus . This  material  as  well  as  additional  material 
donated  by  Gut  from  both  Reddick  and  Arredondo  is  preserved 
in  the  collections  of  the  Florida  State  Museum  in 
Gainesville.  Desmodus  stocki  thus  seems  to  be  of  common 
occurrence  in  the  late  Pleistocene  cave  and  fissure 
deposits  of  Florida  and  more  widely  distributed  in  North 
America  than  previously  suspected. 

I wish  to  thank  Dr.  J.  R.  Macdonald  for  the  loan  of 
the  type  specimen  and  limb  bones  of  Desmodus  stocki , and 
R.  Wolff  for  photographic  assistance.  Figure  1 is  by 
Mr.  Owen  J.  Poe. 
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ABSTRACT 


A single  fossil  mandible  from  the  Esmeralda  Formation 
(Late  Miocene-Early  Pliocene)  of  Nevada  represents  a new 
species  of  gomphotheriid  proboscidean,  allied  with  the 
"spoon-billed"  mastodonts  of  the  Tertiary  of  the  Great 
Plains.  Mandibles  with  long  symphysis  but  no  lower  tusks 
were  developed  in  at  least  three  independent  lines  of 
Tertiary  gomphotheres , represented  by  the  genera 
Megabelodon,  Gnathabelodon,  and  Eubelodon. 

INTRODUCTION 

In  September,  1961,  during  a study  of  the  Clarendonian 
vertebrate  faunas  and  the  stratigraphy  of  the  Esmeralda 
Formation  in  the  area  around  Cedar  Mountain  in  western 
Nevada,  I collected  a mandible  of  a small  gomphotheriid, 
showing  affinities  with  the  "spoon-billed"  mastodonts  of 
the  Miocene  and  Pliocene  of  the  Great  Plains  area.  The 
Cedar  Mountain  discovery  is  apparently  the  first  record  of 
this  specialized  group  of  proboscideans  in  the  Great  Basin. 

Specimen  and  locality  numbers  are  those  of  the 
University  of  California  Museum  of  Paleontology,  Berkeley, 
California.  All  measurements  are  in  millimeters. 


Order  PROBOSCIDEA 
Family  Gomphother iidae 
Megabelodon  minor , n.  sp. 

Type : UCMP  67101,  mandible  with  right  M3,  parts  of  right 

M2,  left  M3,  left  M3. 

Locality:  UCMP  loc.  V-6145,  Gomphothere  locality.  Mineral 

County,  Nevada.  On  the  north  flank  of  the  Cedar  Mountains, 
three  miles  west  of  Warrior  Mine.  Latitude  38°  36'  54"  N; 
longitude  117°  52'  18"  W. 

Age:  Late  Barstovian  or  early  Clarendonian  (Late  Miocene  or 

Early  Pliocene).  Unfortunately,  it  is  not  possible  to 
specify  the  age  of  this  specimen  more  exactly.  The 
Esmeralda  Formation  in  the  area  around  Cedar  Mountain 
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contains  both  Barstovian  and  Clarendonian  faunas.  The 
mandible  here  described  was  an  isolated  find,  in  an  area 
separated  by  block  faulting  from  localities  of  known  age. 

The  strata  at  locality  V-6145  are  geographically  close  and 
lithologically  similar  to  a sequence  of  beds  containing  a 
molluscan  assemblage  similar  to  those  which  elsewhere  in 
the  Cedar  Mountain  area  are  associated  with  late  Barstovian 
mammals  (Firby,  1963,  1966). 

Diagnos is : Small  longiros trine  gomphotheriid , lacking  lower 

incisor  tusks;  symphysis  less  elongate  than  in  other  species 
of  Megabelodon,  broadened  and  flattened  distally;  lower 
molars  relatively  narrow,  highcrowned;  M3  with  four  lophids 
and  simple  talonid. 

Description: 

M3:  The  first  molar  is  represented  only  by  a worn-out 

remnant  from  the  left  side.  The  right  M3  was  lost  before 
burial,  and  may  have  been  shed  before  death. 

M2:  Enough  fragments  of  the  right  M2  were  recovered 

to  make  possible  the  reconstruction  of  most  of  the  base  of 
the  tooth  and  the  posterior  half  of  the  crown.  The  tooth 
was  well  worn.  The  crown  consisted  of  three  lophids,  with 
simple  ectotrefoils  on  at  least  the  second  and  third  lophids 
(Fig.  1).  i 

M3:  The  right  M3  is  preserved  in  the  jaw,  where  it 

was  just  coming  into  function.  There  is  a very  small  wear 
facet  on  the  tip  of  the  first  lophid.  The  posterior  part 
of  the  left  M3  was  also  recovered.  M3  has  four  lophids  and 
a simple  talonid.  Anterior  and  posterior  spurs  on  the 
labial  (pretrite)  hemilophids  would  form  simple  ectotrefoils 
with  wear.  The  trefoil  spurs  are  bluntly  serrate,  especially 
on  the  first  lophid.  There  are  no  central  conules  in  the 
valleys.  The  lingual  (posttrite)  hemilophid  of  the  first 
lophid  appears  twisted,  so  that  its  labial  moiety  lies 
nearly  anterior  to  the  lingual  moiety.  The  junction  of  the 
two  hemilophids  is  therefore  near  the  anterior  side  of  the 
lophid.  There  is  an  anterior  spur  or  accessory  column  on 
the  lingual  hemilophid  of  the  third  lophid.  The  tooth  is 
relatively  highcrowned  (Fig.  2). 

Mandible:  The  outstanding  character  of  the  mandible  is 

the  tuskless,  scoop-like  symphysis.  Although  the  dorsal 
and  lateral  surfaces  of  the  symphysis  are  poorly  preserved, 
the  body  of  the  symphysis  is  nearly  complete.  There  is  no 
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trace  of  incisor  alveoli,  and  it  is  clear  that  no  tusks 
were  present.  The  amount  of  deflection  of  the  symphysis  is 
obscured  by  fracturing,  but  it  must  have  been  moderate-- 
probably  15°  or  less.  The  deep,  asymmetrical  lingual 
groove  is  bounded  by  heavy  ridges,  reaching  nearly  to  the 
tip  of  the  symphysis.  The  bone  of  the  extreme  tip  is  too 
poorly  preserved  to  show  clearly  whether  there  was  a thick- 
ening or  rugosity  at  the  tip  as  in  Megabelodon  lulli 
(Osborn,  1936,  fig.  666),  but  this  may  have  been  the  case. 

In  addition  to  two  mental  foramina  on  the  ramus  below  the 
anterior  end  of  M^,  there  appear  to  have  been  at  least  two 
foramina  along  the  symphysis,  rather  than  one  large 
foramen  as  in  some  advanced  longirostr ine  gomphotheres . 

The  horizontal  rami  are  relatively  slender  (Fig.  1). 
Discussion:  Three  genera  of  longirostrine  gomphotheriid s 

are  characterized  in  part  by  the  absence  of  lower  incisor 
tusks:  Gnathabelodon  Barbour  and  Sternberg,  1935; 

Eubelodon  Barbour,  1914;  and  Megabelodon  Barbour,  1914. 

Gnathabelodon  thornei  Barbour  and  Sternberg,  from  the 
Pliocene  of  Kansas,  is  distinguished  by  the  extreme 
enlargement  of  the  flaring,  shoehorn- 1 ike  symphysis,  and  by 
the  short,  broad  M3  (Osborn,  1936,  pp.  711-714). 

Eubelodon  morrilli  Barbour,  from  Devil's  Gulch,  Brown 
County,  Nebraska,  is  distinguished  by  its  narrow,  tapering 
symphysis,  and  by  the  complex,  doubly  trefoiled  molars. 

(op.  cit.  pp.  601-611). 

Megabelodon  Barbour  was  originally  described  as  a 
subgenus  of  Tetrabelodon  (=Gomphotherium) , and  later  raised 
to  generic  rank.  The  type  species  is  M.  lulli  (Barbour), 
from  Cherry  County,  Nebraska.  Osborn's  treatment  of  the 
group  varies,  but  in  his  "Final  Classification"  (1936, 
p.  738),  he  lists  Megabelodon  as  a distinct  genus,  in  which 
he  includes  M.  lulli , M.  joraki  (Frick)  and  M.  cruziensis 
(Frick),  both  from  the  Santa  Fe  beds  of  New  Mexico,  and 
M.  phippsi  (Cook)  from  Ainsworth,  Nebraska.  Osborn  else- 
where suggests  (p.  324)  that  the  two  Santa  Fe  species  are 
probably  synonymous,  that  both  may  be  synonyms  of  M.  phippsi , 
or  (p.  326)  that  M.  joraki  may  be  a synonym  of  M.  lulli. 

Megabelodon  lulli  is  a large  and  extremely  long-jawed 
species.  Barbour  (1914,  plates  3-6)  originally  restored  the 
mandible  with  a pair  of  slender  tusks.  Additional  material, 
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collected  later,  demonstrated  that  the  symphysis  lacked 
tusks,  but  had  an  expanded,  rugose  tip  (Osborn,  1936, 
pp.  707-709).  The  molar  teeth  of  the  type  mandible  are  too 
worn  for  comparison,  but  Osborn,  (ibid . ) mentions  "very 
simple  and  only  four  crested"  molars  in  a referred  mandible. 

Megabelodon  phipps i seems  to  be  similar  to  M.  lu 11 i , 
but  apparently  differs  in  the  complexity  of  the  molars.  M^ 
has  four  lophids,  as  in  M.  lu 1 1 i , but  Cook  (1928,  p.  40) 
speaks  of  "small  double  trefoils  on  both  meta-  and 
trilophids , . . . [and ] on  the  tetar tolophid . " 

The  position  of  M.  joraki  and  M.  cruziensis  is 
uncertain.  The  molars  of  the  type  of  M.  joraki  are  too 
worn  for  comparison,  but  the  Mo  of  M.  cruziensis  has  five 
lophids.  Osborn  (1936,  p.  324)  states  that  there  are 
"partly  closed"  incisor  alveoli  in  the  mandibles  of  both 
M.  cruz  iens  is  and  M.  joraki . The  skull  of  M.  cruziensis 
also  lacks  tusks  and  apparently  has  partly  closed  incisor 
alveoli  (Frick,  1933,  fig.  10).  Osborn  suggests  that  the 
absence  of  tusks  in  these  specimens  may  have  been  a sexual 
character.  It  seems  to  me  more  likely  to  have  been  a 
pathologic  condition.  In  either  case,  it  appears  unlikely 
that  these  forms  should  be  referred  to  Megabelodon. 

Megabelodon  minor  is  much  smaller  than  any  of  the 
previously  described  species  of  Megabelodon  (Table  1).  In 
fact,  the  tooth  dimensions  of  M.  minor  place  it  among  the 
smallest  of  the  pos t-Oligocene  proboscideans  recorded.  A 
few  of  the  lower  third  molars  of  European  Gomphotherium 
angus  tidens  are  as  short,  though  wider  (Lehmann,  1950, 
pp.  179,  185)  and  the  teeth  from  the  Burdigalian  of  Portugal, 
described  as  Trilophodon  slisiponense  by  Zbyszewski  (1949, 
p.  57),  are  smaller  (125  x 55,  115  x 55).  The  symphysis  of 
M.  minor  is  relatively  and  actually  much  shorter  than  those 
of  other  Megabe lodon  specimens.  In  M.  lull i and  M.  phippsi , 
the  symphysis  is  more  sharply  down-turned  than  in  M.  minor . 
Available  information  on  the  molar  teeth  of  Megabelodon 
lu 1 1 i and  M.  phippsi  is  inadequate  for  detailed  comparisons 
with  M.  minor.  M^  is  four-lophed  in  all  three  species. 

In  M.  phippsi , the  pattern  of  M3  is  evidently  more  advanced 
in  the  development  of  secondary  trefoils.  Megabelodon 
minor  is  readily  distinguishable  from  all  other  species  of 
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Figure  1.  Megabelodon  minor,  n.  sp.  Holotype,  UCMP  67101.  Mandible  with  right 
M^ , parts  of  right  M2»  left  M^.  Above,  occlusal  view,  below,  right  side  view. 
Scale  equals  five  centimeters. 
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Figure  2.  Megabelodon  minor,  n.  sp.  Holotype,  UCMP  67101.  Occlusal  view  of 
nearly  unworn  right  . Scale  equals  one  centimeter. 
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proboscideans  by  the  combination  of  characters  of  mandible 
and  teeth  and  its  small  size.  The  character  of  the  symphysis 
suggests  referral  to  Megabelodon. 

The  presence  of  lower  tusks  is  variable  in  some  short- 
jawed  proboscideans,  such  as  Mammut  amer icanum  (Kerr).  In 
the  long- jawed  mastodonts,  however,  the  absence  of  lower 
tusks  is  probably  more  significant.  The  great  tuskless 
spoon-bill  of  Gnathabelodon  must  surely  be  a part  of  a 
specialized  feeding  mechanism.  This  is  equally  true  of 
the  long  tuskless  jaws  of  Megabelodon  lulli  and  M.  phippsi , 
and,  I believe,  of  the  shorter  jaw  of  M.  minor.  "M." 
cruziens is  and  "M."  joraki,  as  already  noted,  may  be 
pathologic  rather  than  specialized.  In  Eubelodon , the  long 
but  tuskless  jaw  may  indicate  another  peculiar  specialization, 
or  it  may  be  a stage  in  the  transition  from  a longiros trine 
to  a brevirostrine  condition,  as  implied  in  Osborn's 
placement  of  this  genus  in  the  ancestry  of  Stegomas todon 
(his  Cuvieronius) . 

The  dental  differences  among  the  three  genera, 
Megabelodon,  Gnathabelodon,  and  Eubelodon , indicate  that 
they  independently  developed  their  tuskless,  long- jawed 
condition.  Megabelodon  minor  appears  to  be  related  to  the 
Nebraska  megabelodons , but  it  may  possibly  represent  a 
fourth  independent  line  of  tuskless  longiros trine 
gomphotheres. 

The  Megabelodon  minor  mandible  was  preserved  in  a marly 
lacustrine  limestone,  suggesting  that  the  animal  frequented 
the  shores  of  a lake,  feeding  on  soft  near-shore  vegetation, 
as  has  been  proposed  for  other  shovel- tusked  and  spoon- 
billed mastodonts. 
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Table  1 

Comparative  measurements  of  Megabelodon 
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of  the  late  Dr.  R.  A.  Stirton.  An  earlier  version  of  the 
manuscript  was  read  by  Dr.  Heinz  Tobien,  who  offered  valued 
suggestions  and  information. 

The  illustrations  are  by  Owen  J.  Poe. 
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BRACKISH  WATER  OSTRACODES  FROM  LA  JOLLA  SUBMARINE 
CANYON,  7200  + 500  YEARS  BEFORE  PRESENT 


BY  JOHN  C.  HOLDEN 


The  occurrence  of  the  ostracode  Perissocy theridea 
meyerabichi  in  the  Holocene  offshore  of  Southern  California 
sheds  some  light  on  the  paleoecology  of  the  cliff  forming 
strata  of  La  Jolla  submarine  canyon  described  by  Shepard 
and  Dill  (1966).  The  material  was  collected  by  Robert  F. 

Dill  from  the  headward  cliff  of  La  Jolla  submarine  canyon 
at  a depth  of  23  meters.  A date  of  7200  + 500  Y.B.P.  on 
the  strata  has  been  determined  by  the  carbon  14  analysis  of 
a large  root  (Shepard  and  Dill,  1966,  p.  57).  After  the 
discovery  of  fossils,  the  entire  "lagoonal"  section  was 
recollected  by  Dill  and  the  writer  at  approximately  10  foot 
(3.5  m. ) intervals  at  27.5  m. , 24.5  m. , 21.5  m. , 18.0  m. , 
and  16.0  m.  below  sea  level.  These  horizons  were  mostly 
barren  with  only  a few  foraminifers  and  ostracodes  at  27.5  m. , 
21.5  m. , and  16.0  m.  intervals. 

Other  organisms  occurring  with  Perissocy theridea 
meyerabichi  include: 

Ostracoda  Ambostracon  diegoensis  (LeRoy,  1943) 

Cythere  maia  (Benson,  1959) 

Caudites  fragilis  LeRoy,  1943 
Cushmanidea  sagena  Benson  & Kaesler,  1963 
Loxoconcha  lenticulata  LeRoy,  1943 
Mutilus  (Aurila)  lincolnensis  (LeRoy,  1943) 

Ectoprocta  Bicrisia  edwardsiana  (d'Orbigny) 

Thalamoporella  sp. 

Scrupocellaria  sp. 

Hornera  sp. 


Foraminifera  Cib icides  f letcheri  Galloway 

Dyocibicides  biserialia  Cushman  & Valentine 
Nonionella  basispinata  (Cushman  & Moyer) 
Elphid ium  translucens  Natland 
"Rotalia"  sp. 

Discorbis  sp. 

Pseud opolymorphina  sp. 

Triloculina  sp. 
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Caecum  californicum  Dali 
Jania  subpinnata  Dawson 
PALEOECOLOGY 

Perissocytherldea  is  one  of  a few  ostracode  genera 
that  appears  restricted  to  brackish  water  environments 
(Moore,  1961;  Sandberg,  1964).  Species  of  this  genus  can 
be  found  in  bays  and  estuaries  with  salinities  approaching 
those  of  normal  sea  water  but  they  do  not  live  in  abundance 
in  the  normal  marine  environment.  The  genus  is  unknown  in 
Southern  California  waters  today  even  though  there  are 
several  bays  and  estuaries  in  this  area  in  which  it  might 
be  expected  to  live. 

The  collection  of  fossil  Perissocytheridea  consists  of 
27  specimens  of  which  25  are  from  the  root  locality  and  two 
from  the  minus  16.0  meter  horizon  containing  only  P. 
meyerabichi.  At  the  root  locality,  containing  the  ostracode- 
foram-bryozoan  fauna  listed  above,  P.  meyerabichi  represents 
almost  half  of  the  ostracode  fauna.  This  high  relative 
abundance  suggests  a brackish  water  or  polyhaline  environ- 
ment of  deposition.  The  specimens  appear  autochthonous  in 
view  of  their  excellent  preservation.  Most  have  both  valves 
intact  and  there  are  few  young.  If  the  assemblage  was 
redeposited,  one  would  expect  a higher  percentage  of  the 
more  hydrodynamically  susceptible  smaller  young  and  single- 
valve specimens  than  is  actually  encountered. 

The  sedimentary  section  consists  of  fine-grained 
silty  clays  with  abundant  reeds  and  a few  large  pieces  of 
wood  which  were  interpreted  as  lagoonal  in  origin  by 
Shepard  and  Dill  (1966).  The  presence  of  abundant  well 
preserved  Perissocytheridea  meyerabichi , most  with  both 
valves  intact,  supports  this  interpretation.  The  paleo- 
environmental  aspect  of  the  total  fauna  does  not  argue  for 
extremely  low  salinities.  Most  of  these  species  can  be 
found  on  the  near  shore  waters  off  San  Diego.  Thus  it  would 
appear  that  deposition  of  these  "lagoonal  deposits"  took 
place  in  a near  normal  marine  environment  as  might  be 
expected  in  a bay. 

Perissocytheridea  meyerabichi  has  also  been  observed 
in  abundance  by  the  writer  in  samples  from  an  outcrop  of 


Gastropoda 

Rhodophyta 
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the  Pleistocene  Bay  Point  Formation  exposed  in  Carmel  Canyon, 
San  Diego  County.  The  ostracode  fauna  accompanying  it  there 
consists  of  Xestoleberis  aurantia,  Loxoconcha  lenticulata. 

Pur iana  pacifica,  Ambostracon  diegoensis , Limnocythere 
santipatricii  and  flood  proportions  of  Cyprideis  castus-- 
a species  of  another  brackish  water  genus.  On  the  other 
hand,  Perissocy theridea  meyerabichi  has  not  been  observed 
in  the  normal  marine  facies  of  the  Bay  Point  Formation, 

_e._g.  , as  at  the  type  locality  of  the  formation  at  Bay  Point, 
San  Diego,  California. 

Perissocy theridea  meyerabichi  is  a common  brackish 
water  element  of  the  tropical  to  subtropical  Sonoran  Realm 
of  Benson  (1959).  The  species  is  widespread  along  the  coast 
of  El  Salvador  in  Estero  Jiquilisco,  Estero  San  Diego, 

Estero  Jalteqoue,  Estero  Santiago,  Estero  .Lagune  and  the 
Gulf  of  Fonseca  in  waters  ranging  from  freshwater  to  32.2 
°/oo  at  temperatures  from  25-32°C  (Hartmann,  1956).  Benson 
and  Kaesler  (1963)  report  the  species  in  abundance  in  their 
"upper  lagoon  biotype"  in  Estero  de  Tastiota,  Gulf  of 
California  with  salinities  up  to  44  °/oo  and  temperatures 
up  to  34°C.  They  find  the  species  sufficiently  restricted 
ecologically  to  be  an  indicator  of  that  biotype.  Else- 
where in  the  Gulf  of  California  it  has  been  reported  by 
Swain  (1967)  from  four  stations  at  8,  18,  21,  and  28  fathoms 
respectively.  Swain  lists  the  species  in  two  distributional 
categories,  (1)  "general  distribution"  and  (2)  "brackish 
water  and  freshwater".  In  the  former  category  he  notes 
that  the  species  is  "reworked  offshore  in  some  areas, 
perhaps  by  floating  vegetation"  (Swain,  1967,  p.  9).  In 
the  latter  category  it  is  the  most  commonly  occuring  species 
from  brackish,  hypersaline,  and  freshwater  lagoonal  and 
deltaic  areas  south  of  Mazatlan  and  Sinaloa  (Swain,  1967, 
p.  11).  On  the  west  side  of  Baja  California  the  species 
occurs  in  the  inner  lagoon  of  Laguna  Ojo  de  Liebre  in  the 
Bahia  Sebastian  Viscaino  area  in  salinities  from  37-42  °/oo 
and  temperatures  from  19-27°C  (McKenzie  and  Swain,  1967). 
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Figure  1 --  Geological  cross-sections  through  the  area 
of  La  Jolla  submarine  canyon,  a,  Present  day  conditions 
near  the  head  of  the  canyon.  Horizons  collected  for  micro- 
fossils using  SCUBA  indicated  by  arrows.  b,  Reconstruction 
of  the  environment  of  deposition  at  the  time  of  deposition 
of  the  root  dated  at  7200+  500  Y.B.P.  The  microfauna 
accompanying  P.  meyerabichi  is  indicative  of  near  normal 
salinity  inferring  that  the  beach  sands  were  not  acting  as 
a complete  barrier  between  the  lagoon  and  the  sea. 
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SYSTEMATIC  PALEONTOLOGY 

Subclass  OSTRACODA  Latreille,  1806 
Order  PODOCOPIDA  Miiller,  1894 
Suborder  PODOCOPINA  Sars,  1866 
Superfamily  CYTHERACEA  Baird,  1850 
Family  CY THE RIDE  1DAE  Sars,  1925 
Genus  PERIS SOCYTHER IDEA  Stephenson,  1938 
Perissocy ther idea  meyerabichi  (Hartmann,  1953) 

Figs.  2a-c 

Iliocythere  meyer-abichi  Hartmann,  1953,  p.  310-314,  figs. 
1-10;  1957,  p.  141. 

Peris socyther idea  meyerabichi  (Hartmann,  1953).  Benson  and 
Kaesler , 1963,  p.  17,  pi.  4,  figs.  1-5,  text-fig.  7; 
McKenzie  and  Swain,  1967,  p.  286,  pi.  29,  fig.  4; 

Swain,  1967,  p.  53,  pi.  4,  figs.  7a-b,  8a-c;  pi.  8, 
figs,  la-d;  text-figs.  4-f-i,  44c-d. 

Diagnosis : A species  of  Per is socyther idea  with  a relatively 

subquadrate  outline  viewed  from  the  side;  caudal  process 
bluntly  pointed,  near  posteroventer ; shell  elongate,  coarsely 
but  not  strongly  reticulate. 

Description:  Sexes  strongly  dimorphic:  males  longer  and 

lower  than  females;  male  length/height=2. 00,  female  length/ 
height=1.80.  Carapace  ornamented  with  8 to  9 horizontal 
ridges  over  which  less  conspicuous  vertical  ridges  form  a 
coarse  reticulate  pattern.  Surface  heavily  pitted,  pits 
pronounced  in  mid-regions  of  valves,  inconspicuous  at 
extremities.  Short  sulcus  behind  low,  barely  discernible, 
eye  tubercal,  lesser  sulci  behind  it.  Posterodorsal  region 
slightly  inflated  with  resulting  arcuate  trend  of  horizontal 
ridges.  In  dorsal  view,  greatest  width  in  posterior  third 
(male)  or  at  mid-length  (female).  Radial  pore  canals  sparce, 
very  fine,  about  10  in  anterior,  five  in  posterior.  Normal 
pores  sparce,  large,  sieve  type.  Hinge  antimerodont  tending 
to  entomodont:  median  bar  of  left  valve  crenulate,  anterior 

half  more  coarsely  crenulate  with  12-15  toothlets.  Posterior 
and  anterior  elements  of  right  valve  each  with  six  toothlets. 
Adductor  muscle  scar  pattern  of  four  vertically  arranged 
scars  astride  a subcentral  vertical  swelling.  Anteriorly 
opened  "V"  shaped  frontal  scar  in  front  and  above  adductor 
scar  group. 
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Discussion:  Small  differences  in  the  carapace  exist  between 

the  La  Jolla  Canyon  specimens  off  San  Diego  and  living 
representatives  described  by  Hartmann  (1953)  and  by  Benson 
and  Kaesler  (1963).  Specimens  from  the  Gulf  of  California 
(Benson  and  Kaesler,  1963)  have  more  toothlets  in  the 
anterior  element  (seven)  and  fewer  in  the  posterior  element 
(five).  In  addition,  the  dorsomedian  sulcus  is  well 
developed  whereas  in  the  La  Jolla  Canyon  specimens  several 
sulci  are  present  along  the  anterodorsal  margin.  Hartmann 
(1953)  shows  the  female  to  be  somewhat  more  triangular  in 
outline  and  to  have  a higher  more  pointed  caudal  process 
than  the  La  Jolla  Canyon  specimens.  Otherwise  they  appear 
to  be  identical. 


Figure  2 --  Per issocyther idea  meyerabichi  (Hartmann, 
1953);  a,  external  view  of  right  valve  male,  hypotype 
United  States  National  Museum  specimen  USNM  650928.  b, 

Same  specimen,  dorsal  view.  c.  Internal  view  of  right  valve 
female,  hypotype  USNM  650929. 
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RODENTS  FROM  THE 

HARTMAN  RANCH  LOCAL  FAUNA,  CALIFORNIA 
BY  EVERETT  LINDSAY 

ABSTRACT 

Fossil  rodents,  represented  by  approximately  140  isolated  teeth, 
were  collected  from  the  lower  part  of  the  Sespe  Formation  near  Sespe 
Gorge,  Ventura  County,  California.  Age  of  the  fauna  is  Uintan.  The 
Hartman  Ranch  small  mammal  fauna  includes  Pareumys  sp0,  Namatomys 
fantasma  n.  sp.,  Griphomys  sp.,  and  Simimys  sp . 

Namatomys  fantasma  shares  morphological  features  with  Simimys, 
suggesting  these  forms  are  phyletically  related.  N.  fantasma  has  cheek 
tooth  formula  (4/4)  identifying  it  as  an  eomyid  while  Simimys  has  cheek 
tooth  formula  (3/3)  identifying  it  as  a cricetid.  Teeth  of  N.  fantasma 
also  resemble  those  of  some  sciuravids  and  zapodids,  suggesting  N. 

fantasma  is  intermediate  in  a lineage  Sciuravidae ► Eomyidae ► 

Cricetidae  and  Zapodidae. 

Pareumys  and  Griphomys  are  presently  represented  by  only  a 
few  specimens. 

INTRODUCTION 

Fossils  from  Hartman  Ranch,  UCMP  locality  V-5814,  Ventura 
County,  California,  include  cyl indrodontid , eomyid,  ?geomyid,  and 
cricetid  rodents.  Wei  I -di  versi  fied  small  mammal  faunas  were  previously 
reported  from  the  Lower  Sespe  Formation  by  Chester  Stock  (1935), 

R.  W.  Wilson  (1935,  I940A,  I940B,  I940C,  1949),  and  A.  E.  Wood 
(1956).  Earlier  described  late  Eocene  faunas  from  the  Sespe  Formation 
were  from  sites  in  the  Simi  foothills  near  Fillmore,  California.  This  is 
the  first  report  of  small  mammals  from  the  Sespe  Formation  near 
Sespe  Gorge . 
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Figure  1.  Cusp  terminology  in  upper  cheek  teeth 


1- Paracone 

2- Metacone 

3- Protocone 

4- Hypocone 

5- Anterocone 

6- Mesocone 

7- Protoconule 


8- Metaconule 

9- Protolophule 

10- Metalophule 

11- Mesoloph 

12- Mesostyle 

13- Mure 

14- Posterior  arm 
of  protocone 


15- Anterior  cingulum 

16- Posterior  cingulum 

17- Labial  loph 

18- Parastyle 

19- Anterior  basin 

20- Central  basin 

21- Posterior  basin 


— anterior 


Figure  2.  Cusp  terminology  in  lower  cheek  teeth 


1- Anteroconid 

2- Metaconid 

3- Protoconid 

4- Hypoconid 

5- Entoconid 

6- Mesoconid 

7- Pos  teroconid 


8- Metalophulid 

9- Entolophul id 

10- Lingual  lophid 

11- Mesolophid 

12- Mesostylid 

13- Mure 

14- Posterior  arm 
of  protoconid 


15- Anterior  cingulum 

16- Posterior  cingulum 

17- Transverse  valley 

18- Metalophid 

19- Hypolophid 

20- Transverse  lophid 
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Fossils  were  collected  from  calcareous,  green,  thin  lenses  of 
coarse-grained  sandstone  within  the  red  shales  near  the  base  of  the 
Sespe  Formation.  The  sandstone  lenses  are  lithologically  similar  to 
the  Coldwater  Sandstone  that  underlies  the  Sespe  Formation  and 
suggest  local  intertonguing  of  the  Lower  Sespe  Formation  with 
characteristic  Coldwater  Sandstone. 

Tortoise  and  rhinocerotoid  fossils  were  collected  from  the 
Hartman  Ranch  locality  also. 

Age  of  the  Hartman  Ranch  local  fauna  is  Uintan  (late  Eocene), 
correlative  with  the  Tapo  Ranch  fauna,  based  on  morphological 
similarity  of  Simimys  sp.  and  Pareumys  sp.  from  Hartman  Ranch  and 
the  Tapo  Ranch  fauna. 

The  rodent  specimens  were  collected  by  underwater  screenwashing 
using  two  sets  of  screen,  18-mesh  and  25-mesh.  Some  of  the  matrix  was 
digested  with  dilute  acetic  acid  prior  to  screening. 

The  following  abbreviations  are  used  in  the  text.  UCMP  = 
University  of  California  Museum  of  Paleontology;  LACM(CIT)  = Los 
Angeles  County  Museum,  collections  formerly  catalogued  at  the 
California  Institute  of  Technology.  All  measurements  are  in  millimeters. 

Figures  1 and  2,  above,  illustrate  the  position  of  morphologic 
terms  used  in  the  descriptions  of  rodent  teeth. 

SYSTEMATICS 
Order  RODENTIA 

Family  CYLINDRODONTIDAEMiller  and  Gidley  1918 
Pareumys  Peterson  1919 
Pareumys  sp. 

Three  isolated,  relati vel y high-crowned  cheek  teeth,  ?RP^ 
(UCMP  79271),  ?LM3  (UCMP  79272),  and  LM3  (UCMP  79477)  are 
identified  as  Pareumys  sp.  The  premolar  and  M3  are  relatively  unworn, 
with  the  posterolabial  corner  broken  away  on  both  teeth.  M3  is  well 
worn . 
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Description  of  material:  ?P^  - oval  occlusal  outline;  paracone  and 

metacone  relatively  close,  metacone  slightly  labial  relative  to  paracone; 
protolophule  long,  directed  transversely,  strongly  united  to  long  and 
narrow  protocone  that  is  continuous  with  posterior  cingulum;  metalophule 
short,  terminating  medially,  with  weak  union  to  posterior  cingulum; 
central  basin  deep  and  wide;  anterior  basin  deep  and  narrow;  anterior 
cingulum  low,  continuous  from  protocone  to  termination  anterior  to 
paracone;  parastyle  absent. 

?M3  - subquadrate  occlusal  outline,  with  anterolabial  expansion; 
enamel  island  in  posterior  half  of  tooth;  island  transversely  elongate  with 
anterior  and  posterior  sides  convex  anteriorly. 

M3  - oval  occlusal  outline;  metaconid  and  protoconid  prominent; 
hypoconid  probably  prominent  (broken);  entoconid  small,  mesoconid 
minute;  metaconid  and  entoconid  opposite  anterior  arm  of  labial  cusps; 
anterior  arm  of  protoconid  high,  directed  transversely  to  its  union  with 
the  metaconid;  median  transverse  lophid  ( ?mesolophid)  high,  uniting 
mesoconid  and  entoconid;  posterolingual  cingulum  high,  continuous 
from  metaconid  to  posterior  arm  of  hypoconid,  passing  through  entoconid; 
isolated  anterior  and  posterior  lakes,  separated  by  median  transverse 
lophid;  anterior  lake  deeper  and  wider  than  posterior  lake;  small  lophule 
projecting  into  anterior  lake  from  median  protoconid,  small  lophule 
projecting  anteriorly  into  anterior  lake  from  medial  region  of  transverse 
lophid;  anteroconid  and  anterior  cingulum  absent. 

Discussion:  Pareumys  sp.  from  Hartman  Ranch  is  relatively  high-crowned; 
occlusal  measurements  (Table  1)  are  comparable  to  other  specimens  of 
Pareumys  from  the  Sespe  Formation  (Wilson,  1940C).  The  Hartman  Ranch 
P^  is  distinguished  from  Cylindrodon  by  its  short  metalophule. 
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Figure  3.  Pareumys  sp.  a-b . UCMP  79271,  ?RP^  (a.  occlusal 
view,  b.  anterior  view);  c.  UCMP  79272,  TLM^  occlusal  view; 
<j.  UCMP  79477,  LM3  occlusal  view.  (scale  line  = 1 mm.) 


Family  EOMYIDAE  Depdret  and  Douxami  1902 
Namatomys  Black  1965 

Two  species  of  Namatomys  are  presently  known.  N.  Iloydi 
is  known  from  two  mandibles  collected  at  the  early  Oligocene  Pipestone 
Springs  locality  in  Montana.  One  mandible  has  a complete  dentition, 
the  other  is  missing  the  M3.  N.  fantasma  n.  sp.  from  the  Hartman 
Ranch  local  fauna  is  known  only  from  isolated  cheek  teeth.  Precise 
dental  formula  is  essential  for  taxonomic  identification  since  eomyids 
have  cheek  tooth  formula  4/4,  sciuravids  have  5/4,  fossil  zapodids 
have  4/3,  and  cricetids  have  3/3.  All  the  families  named  above  have 
low-crowned,  lophate  cheek  teeth.  The  most  significant  characters 
uniting  N.  fantasma  with  N.  Iloydi  are  presence  of  an  anteroconid 
on  P4,  and  cheek  tooth  formula. 
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Namatomys  fantasma*  n.  sp. 

Type:  UCMP  77660  RP4,  V-5814  Hartman  Ranch,  Ventura  County, 

Cal  ifornla . 

Hypodigm:  Type  and  UCMP  66986-66988,  77648-77650,  77652-77654, 
77656-77670. 

Stratigraphic  and  geographic  range:  Lower  Sespe  Formation  in  Sespe 
Gorge,  Ventura  County,  California. 

Age:  Uintan  (late  Eocene). 

Diagnosis:  Anterocone  (-id)  on  all  cheek  teeth  except  P ,•  lower  cheek 
teeth  longer  than  wide;  anterior  arm  of  protoconid  not  elongated 
transversely  to  base  of  metaconid;  metalophulid  and  entolophulid  unite 
with  posterior  arms  of  protoconid  and  hypoconid;  upper  cheek  teeth 
wider  than  long;  paralophule  and  metalophule  unite  with  anterior  arm 
of  lingua!  cusps;  mesocone  (-id)  minute  on  all  cheek  teeth,  except 
absent  on  and  M^;  reduced  posteriorly. 

Differential  diagnosis:  Namatomys  fantasma  differs  from  Namatomys 
I loydi  in  stronger  development  of  posterior  metalophulid  and  weaker 
development  of  anterior  arm  of  protoconid.  N.  fantasma  differs  from 
Simimys  sp.  from  the  Hartman  Ranch  fauna  in  possessing  four  upper  and 
lower  cheek  teeth,  smaller  external  dimensions,  upper  cheek  teeth  wider 
than  long,  and  stronger  development  of  mesocone  (-id).  Namatomys  is 
the  only  known  eomyid  rodent  with  an  anteroconid  on  P4. 

Sciuravus  powayensis  from  the  Poway  conglomerate  in  San  Diego  County, 
California,  is  similar  to  N_.  fantasma  but  lacks  an  anteroconid  on  P4  and 
has  five  upper  cheek  teeth.  P^  of  N . fantasma  lacks  an  oppression  facet 
on  its  anterior  vertical  face. 

Description:  dP^  - paracone  and  metacone  opposite  the  protocone  and 
hypocone;  posterior  arm  of  protocone  directed  transversely,  extending 
to  median  plane;  protolophuie  and  metalophule  directed  lingually, 

^Etymology:  fantasma  (L.)  = ghost,  phantom;  referring  to  absence  of 
associated  material,  hence  an  amorphous  nature. 
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Figure  4.  a- i . Namatomys  f antasma  new  species.  £.  UCMP 
79504,  Rdp4  occlusal  view.  b.  UCMP  77648,  RP^  occlusal 
view.  £.  UCMP  77654,  RM^  occlusal  view.  d^.  UCMP  77655, 
PM!  occlusal  view.  e.  UCMP  77660,  RP4  occlusal  view. 

_f.  UCMP  77666,  LM^  occlusal  view.  £.  UCMP  77668,  LM2 
occlusal  view.  h.  UCMP  77657,  LM^  occlusal  view.  _i. 

UCMP  77660,  RP4  labial  view.  _j.  UCMP  79482,  RM2  occlusal 
view.  k.  Griphomys  sp.  UCMP  79479,  LM^  occlusal  view, 
(scale  line  = 1 mm.) 
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uniting  with  anterior  arm  of  lingual  cusps;  mesocone  weakly  represented 
by  medial  thickening  on  mure;  mure  between  protocone  and  hypocone, 
uniting  both  cusps;  mesoloph  short;  mesostyle  minute,  weakly  uniting 
with  labial  loph  that  is  directed  posteriorly  from  paracone;  anterior 
cingulum  weakly  joining  anterior  arm  of  protocone  near  median  plane; 
parastyle  small,  elongated  transversely;  posterior  cingulum  low, 
terminating  at  median  plane;  cingular  shelf  labial  to  posterior  cingulum 
on  posterior  margin;  protoconule  absent. 

- subrectangular  occlusal  outline,  wider  than  long;  paracone 
and  metacone  opposite  anterior  arm  of  protocone  and  hypocone;  posterior 
arm  of  protocone  directed  transversely  extending  labial  to  mure  in  9 of 
13  specimens,  weakly  uniting  with  paracone  in  3 specimens;  protolophule 
and  metalophule  directed  transversely,  uniting  with  anterior  arm  of  lingual 
cusps;  mesocone  a slight  thickening  along  mure  in  10  of  13  specimens;  mure 
uniting  protocone  and  hypocone  in  12  of  13  specimens;  mesoloph  short  and 
stub-like  in  12  specimens,  prominent  although  never  reaching  mesostyle 
in  2 specimens;  mesostyle  small  in  8 specimens,  absent  in  2 specimens; 
labial  loph  directed  posteriorly  from  paracone  in  5 specimens,  absent 
in  5 specimens;  anterior  cingulum  uniting  with  anterior  arm  of  protocone 
near  median  plane,  prominent  labial  to  point  of  union,  weakly  developed 
lingual  to  median  plane;  posterior  cingulum  continuous  from  hypocone  to 
posterolabial  corner  of  tooth;  protoconule  absent;  oppression  facet  absent 
from  anterior  vertical  face. 

M1'  - subrectangular  occlusal  outline,  slightly  wider  than  long; 
largest  tooth  in  upper  dental  series;  paracone  and  metacone  opposite 
anterior  arm  of  protocone  and  hypocone;  posterior  arm  of  protocone  with 
short  extension  labial  to  mure  in  7 of  1 1 specimens;  protolophule  and 
metalophule  directed  transversely  and  slightly  curved  (convex  anteriorly), 
uniting  with  anterior  arm  of  lingual  cusps;  mesocone  not  discernible  on 
mure;  mure  uniting  protocone  and  hypocone  in  9 of  11  specimens; 
mesoloph  short  and  low;  mesostyle  small  in  9 specimens,  absent  in  2 
specimens;  labial  loph  absent;  anterocone  small  on  anterior  cingulum 
lingual  to  median  plane;  anterior  cingulum  uniting  with  anterior  arm 
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of  protocone,  prominent  labial  to  anterocone,  short  and  low  lingual  to 
anterocone,  but  continuous  to  base  of  protocone;  parastyle  small; 
posterior  cingulum  prominent  on  posterior  margin,  continuous  from 
hypocone  to  posterolabial  corner  of  tooth;  protoconule  absent. 

- subrectangular  occlusal  outline,  perceptibly  wider  than 
long;  shorter  in  length  than  M^;  paracone  and  metacone  opposite  anterior 
arm  of  lingual  cusps;  posterior  arm  of  protocone  with  extension  labial  to 
mure  strongly  developed  in  1 specimen,  weakly  developed  in  7 specimens, 
and  extension  absent  in  5 specimens;  protolophule  and  metalophule 
directed  transversely  and  curved  (convex  anteriorly),  uniting  with 
anterior  arm  of  lingual  cusps;  mesocone  a slight  thickening  on  mure  in 

6 of  1 1 specimens,  absent  in  5 specimens;  mure  uniting  protocone  and 
hypocone  in  10  specimens;  mesoloph  short  in  10  of  13  specimens; 
mesostyle  small;  labial  loph  directed  posteriorly  from  paracone  in  2 of 
11  specimens;  anterocone  small,  lingual  to  median  plane  where  anterior 
cingulum  unites  with  anterior  arm  of  protocone  in  10  of  12  specimens; 
anterior  cingulum  prominent  labial  to  anterocone,  weakly  developed 
lingual  to  anterocone;  parastyle  minute;  posterior  cingulum  prominent 
on  posterior  margin,  continuous  from  hypocone  to  posterolabial  corner 
of  tooth . 

O 

- subrectangular  occlusal  outline,  slightly  wider  than  long; 
smallest  tooth  in  upper  dental  series;  paracone  and  protocone  prominent; 
hypocone  minute;  metacone  absent;  protolophule  directed  transversely, 
curved  (convex  anteriorly),  uniting  with  anterior  arm  of  protocone; 
central  basin  shallow,  bounded  anteriorly  by  paracone,  protolophule, 
and  protocone,  bounded  posteriorly  by  low  posterior  cingulum;  posterior 
cingulum  continuous  along  labial  margin,  uniting  with  base  of  paracone; 
mesoloph  and  mesostyle  absent;  anterocone  minute  on  anterior  cingulum 
where  cingulum  joins  anterior  arm  of  protocone;  anterior  cingulum  long 
and  narrow  labial  to  anterocone,  short  and  low  lingual  to  anterocone; 
parastyle  minute . 
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P4  - obovate  occlusal  outline,  narrow  anteriorly;  smallest  tooth 
of  lower  dental  series;  anteroconid  minute,  isolated  on  medial  plane  in 
9 of  10  specimens;  metaconid  transversely  opposite  and  united  posteriorly 
to  protoconid  by  lateral  extension  of  posterior  arm  of  protoconid; 
entoconid  transversely  opposite  and  united  to  hypoconid  by  transversely- 
directed  entolophulid  that  contacts  posterior  arm  of  hypoconid;  mesoconid 
small,  on  mure;  mure  uniting  protoconid  and  hypoconid  on  labial  side  of 
tooth;  mesolophid  short;  mesostylid  small,  present  on  9 of  10  specimens; 
lingual  lophid  low,  directed  posteriorly  from  metaconid,  weakly  joining 
mesostylid  in  8 of  9 specimens;  anterior  cingulum  absent;  posterior 
cingulum  continuous  from  posterior  arm  of  hypoconid  near  median  plane 
to  postero  lingua  I corner  of  tooth;  posteroconid  isolated  in  1 specimen. 

M]  and  M2  - rounded  rectangular  occlusal  outline,  longer 
than  wide;  largest  tooth  of  lower  dental  series;  anteroconid  small, 
labial  to  median  plane,  weakly  uniting  with  anterior  arm  of  protoconid 
in  15  of  19  specimens,  strongly  uniting  with  metaconid  in  3 specimens; 
metaconid  and  entoconid  opposite  protoconid  and  hypoconid  and 
connected  with  posterior  arm  of  labial  cusps  by  transversely-directed 
metalophulid  and  entolophulid;  mesoconid  on  mure,  labial  to  median 
plane;  mure  weakly  contacting  protoconid  and  hypoconid  in  16  of  19 
specimens;  mesolophid  short;  mesostylid  minute,  weakly  contacting 
lingual  lophid  directed  posteriorly  from  metaconid;  anterior  cingulum 
continuous  from  metaconid  to  protoconid,  high  lingual  to  anteroconid, 
low  labial  to  anteroconid;  posterior  cingulum  continuous  from  posterior 
arm  of  hypoconid  to  posterol ingual  corner  of  tooth. 

M3  - subrectangular  occlusal  outline,  straight  anterior  surface, 
rounded  posteriorly;  anteroconid  small  in  15  of  18  specimens;  anteroconid 
uniting  with  protoconid  in  7 specimens,  uniting  with  metaconid  in  3 
specimens,  separate  from  protoconid  and  metaconid  in  5 specimens; 
metaconid  opposite  protoconid,  uniting  posteriori y with  transversely- 
directed  posterior  arm  of  protoconid;  entoconid  opposite  and  strongly 
uniting  with  hypoconid  by  curved,  wide  posterior  cingulum  (extension 
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of  posterior  arm  of  hypoconid);  entolophulid  discernible  as  anterior 
branch  of  posterior  cingulum  in  7 of  18  specimens;  mesoconid  small, 
isolated  in  13  of  18  specimens,  weakly  contacting  hypoconid  in  5 
specimens;  mesolophid  long,  not  reaching  mesostylid  on  lingual  margin; 
mesostylid  minute  on  1 1 of  17  specimens,  absent  on  6 specimens;  lingual 
lophid  low,  directed  posteriorly  from  metaconid  in  5 of  17  specimens; 
anterior  cingulum  continuous  and  relatively  straight  between  protoconid 
and  metaconid,  low  labial  to  median  plane. 

Discussion:  Namatomys  is  the  only  known  eomyid  with  an  anteroconid 
on  P4.  Cricetid  and  zapodid  rodents  commonly  have  an  anteroconid 
on  the  anterior  lower  cheek  tooth  identified  as  M]  rather  than  P4. 
Simimys  sp . from  the  Hartman  Ranch  local  fauna  has  a distinctive 
median  anteroconid  on  the  anterior  lower  cheek  tooth,  designated 
. The  P4  of  Namatomys  and  Ml  of  Simimys  are  very  similar, 
especially  in  the  narrow  anterior  occlusal  outline,  small  median 
anteroconid,  absence  of  anterior  cingulum,  posterior  union  of 
protoconid  and  metaconid,  and  distinct  mesoconid.  It  is  suggested 
that  P4  of  eomyid  rodents  and  M]  of  cricetid  rodents  may  be  homologous 
elements  in  the  dental  series.  A general  trend  observed  in  middle 
Tertiary  and  later  cricetid  rodents  is  increased  size  of  the  anterior 
lower  cheek  tooth  and  reduction  of  the  posterior  lower  cheek  tooth. 
Solution  to  homology  of  lower  cheek  teeth  in  cricetid  and  other  rodents 
awaits  additional  collecting,  especially  in  late  Eocene  deposits. 

The  sample  of  N.  fantasma  includes  12  P4,  27  M]  and  M2,  and 
20  M3.  Number  of  teeth  represented  is  probably  biased  by  the  collecting 
method  (screen-washing),  and  the  size  of  the  screen  relative  to  the  size 
of  the  tooth.  In  the  lower  dental  series,  P4  is  the  smallest  tooth,  and 
M3  is  the  largest  tooth.  The  M]  and  M2  of  N_.  fantasma  are 
indistinguishable  although  in  N.  Iloydi  the  Mj  is  slightly  narrower 
anteriorly  relative  to  M2. 

Sciuravids,  cricetids,  zapodids  and  most  eomyids  have  the 
paracone  and  metacone  of  upper  cheek  teeth  uniting  with  the  anterior 
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arm  of  the  protocone  and  hypocone  while  the  metalophulid  and 
entolophulid  of  the  lower  cheek  teeth  unite  with  the  posterior  arm  of 
the  protoconid  and  hypoconid,  as  in  Namatomys  and  Simimys.  In  N. 
fantasma  the  upper  cheek  teeth  are  wider  than  long,  as  in  sciuravids 
and  some  zapodids;  in  Simimys  and  later  cricetids  the  upper  cheek 
teeth  are  longer  than  wide.  Development  of  cusps  and  connections 
between  the  cusps  on  N.  fantasma  and  Simimys  sp.  from  Hartman 
Ranch  suggest  a close  phyletic  relationship.  Namatomys  seems  a 
probable  ancestor  to  the  cricetids  and  zapodids,  and  Simimys  is 
probably  the  earliest  cricetid. 


Phyletic  Relationships  of  Namatomys  and  Simimys 
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Late  Eocene  radiation  of  Nearctic  rodents  might  include  the 
transition  of  Sciuravus  powayensis  with  cheek  tooth  formula  5/4  and 
absence  of  anteroconid  on  P4;  to  Namatomys  fantasma  with  cheek 
tooth  formula  4/4  and  presence  of  an  anteroconid  on  P4;  to  Simimys 
with  cheek  tooth  formula  3/3  and  presence  of  an  anteroconid  on  the 
anterior  lower  cheek  tooth.  These  three  genera  mark  a transition  from 
Sciuravidae  to  Eomyidae  to  Cricetidae. 
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Family  GEOMYIDAE  (?)  Gill  1872 
Griphomys  Wilson  1940 
Griphomys  sp. 

Figure  4 

One  complete  M3  and  another  isolated  fragmentary  lower 
cheek  tooth  have  two  well-developed  transverse  lophs.  These  teeth 
resemble  illustrations  and  descriptions  of  Griphomys , and  are  unlike 
other  rodent  teeth  in  the  Hartman  Ranch  local  fauna. 

M3  is  undescribed  in  Griphomys;  the  Hartman  Ranch  specimen, 

UCMP  79479,  is  considered  M3  because  it  is  bilophodont  and  brachyodont, 
talonid  is  narrower  than  trigonid,  and  the  posterior  surface  is  rounded 
without  an  oppression  facet.  In  addition,  anterior  cingulum  is  present; 
posterior  cingulum  and  mesoconid  are  absent;  vestige  of  a low,  short 
lophid  is  present  between  the  anterior  cingulum  and  the  protolophid 
about  half-way  between  the  protoconid  and  median  plane.  Another 
short  vestige  of  a lophid  is  directed  anteriorly  from  the  metalophid 
along  the  median  plane.  This  tooth  has  the  same  size  (Table  1)  as 
other  specimens  of  Griphomys  from  the  Sespe  Formation.  In  addition 
to  Griphomys  specimens  from  Hartman  Ranch,  the  genus  is  known  only 
from  the  Tapo  Ranch  fauna  (Griphomys  alecer  at  LACM(CIT)  207  and 
Griphomys  near  alecer  at  LACM(CIT)  202)  and  the  Pearson  Ranch  fauna 
(Griphomys  near  alecer  at  LACM(CIT)  150)  in  the  Sespe  Formation. 

Family  CRICETIDAE  Rochebrune  1883 
Simimys  Wilson  1935 

Wilson  (1949)  noted  the  following  characters  of  Simimys: 

(a)  presence  of  wel  I -developed  anterior  cingula  and  anterior  protocone 
crests  in  upper  cheek  teeth;  (b)  a small  thickening  on  the  anterior 
cingula  of  upper  cheek  teeth;  and  (c)  cheek  tooth  formula  3/3. 

Simimys  is  known  only  from  the  Sespe  Formation:  S.  murinus  from 
LACM(CIT)  locality  180,  S.  vetus  from  LACM(CIT)  locality  207, 

S.  cf.  vetus  from  LACM(CIT)  locality  202,  S.  simplex  from  LACM(CIT) 
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locality  150,  Simimys  sp.  from  LACM(CIT)  locality  127,  and  Hartman 
Ranch  UCMP  locality  V-5814. 

Simimys  sp. 

Simimys  sp.  from  Hartman  Ranch  is  represented  by  nine 
isolated  cheek  teeth.  They  are  one  M-j,  two  /v^,  three  M3,  and 
three  upper  cheek  teeth,  probably  M^.  Upper  dentition  of  Simimys 
is  based  primarily  on  a skull  (LACM  3529)  with  M^  in  place  and 
alveoli  for  only  Upper  cheek  teeth  from  Hartman  Ranch  have 

oppression  facets  on  the  anterior  vertical  faces,  excluding  them  from 
identification  as  . 

Description  of  material:  - subrectangular  occlusal  outline,  longer 

than  wide,  slightly  narrower  posteriorly;  anterocone  minute,  lingual 
to  median  plane  on  anterior  cingulum;  occlusal  facet  on  anterior  and 
posterior  vertical  faces;  paracone  opposite  anterior  arm  of  protocone, 
uniting  anteriorly  with  transversely-directed  anterior  arm  of  protocone 
by  low,  weak  protolophule;  protoconule  minute,  a local  thickening  on 
anterior  arm  of  protocone  near  median  plane;  posterior  arm  of  protocone 
directed  transversely,  uniting  with  mure  at  base  of  mesoloph;  metacone 
opposite  hypocone  and  uniting  with  anterior  arm  of  hypocone  by  low, 
transversely-directed  metalophule;  anterior  arm  of  hypocone  directed 
anterolabial ly  as  mure;  posterior  arm  of  hypocone  directed  transversely 
as  low,  wide  posterior  cingulum;  posterior  cingulum  continues  to  base 
of  metacone;  mesocone  a slight  thickening  at  base  of  mesoloph  on  1 
specimen,  absent  on  other  specimen;  anterior  cingulum  narrow,  high 
labiall  y and  low  lingually,  continuous  from  paracone  to  protocone; 
parastyle  minute,  at  termination  of  anterior  cingulum,  uniting  with 
anterior  arm  of  protocone  in  1 of  3 specimens. 

M]  - obovate  occlusal  outline,  narrow  anteriorly;  anteroconid 
small,  isolated  on  median  plane,  symmetrically  located  anterior  to 
and  between  metaconid  and  protoconid;  metaconid  opposite  and  equal 
in  size  to  protoconid,  united  posteriorly  with  transversely-directed 
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Figure  5.  Simimys  sp.  a.  UCMP  79270,  Lm2.  b.  UCMP  79646, 
LM2.  c.  UCMP  79269,  LM2.  d.  UCMP  79267,  RM1 . e.  UCMP 
79268,  LM2-  _f.  UCMP  77647  , LM3 . (scale  line  = 1 mm.) 
All  occlusal  views. 
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posterior  arm  of  protoconid;  entoconid  opposite  hypoconid  and  united 
to  medial  hypoconid  by  transversely-directed  and  slightly  curved 
(convex  anteriorly)  entolophulid;  mesoconid  small,  united  to  hypoconid 
by  posterior  mure,  not  contacting  protoconid;  mesolophid  long,  directed 
transversely  and  flexed  anteriorly,  united  to  prominent  mesostylid; 
mesostylid  on  lingual  border,  posterior  and  adjacent  to  metaconid; 
lingual  lophid  from  metaconid  absent;  anterior  cingulum  absent; 
posterior  cingulum  high  labia  1 1 y as  posterior  arm  of  hypoconid,  low 
lingually  where  it  terminates  posterior  to  entoconid;  ectolophid  low 
on  labial  margin. 

M2  - subrectangular  occlusal  outline,  narrow  anteriorly; 
shorter  in  length  and  wider  than  Ml;  anteroconid  absent;  metaconid 
opposite  to  and  united  with  protoconid  by  transversely-directed 
posterior  arm  of  protoconid;  anterior  arm  of  protoconid  joining  anterior 
cingulum;  entoconid  opposite  hypoconid,  weakly  united  to  base  of 
posterior  arm  of  hypoconid  by  transversely-directed  entolophulid; 
mesoconid  small,  strongly  united  to  hypoconid,  weakly  united  to 
protoconid;  mesolophid  short,  directed  transversely  and  flexed  anteriorly, 
not  uniting  with  mesostylid;  mesostylid  prominent,  posterior  and  adjacent 
to  metaconid;  lingual  lophid  from  metaconid  uniting  with  mesostylid; 
anterior  cingulum  narrow,  continuous  from  metaconid  to  protoconid  on 
labial  border,  high  medially  at  union  with  anterior  arm  of  protoconid, 
low  laterally;  posterior  cingulum  high  medially,  low  lingually  at 
termination  posterior  to  entoconid;  ectolophid  absent. 

M3  - obovate  occlusal  outline,  narrow  posteriori  y;  slightly 
smaller  than  M2;  metaconid  and  protoconid  prominent,  hypoconid 
reduced;  anteroconid  and  entoconid  minute  to  absent;  metaconid 
opposite  protoconid  and  united  posteriorly  to  transversely-directed 
posterior  arm  of  protoconid;  anterior  arm  of  protoconid  joining 
anterior  cingulum  medially;  mesoconid  absent;  anterior  arm  of  hypoconid 
directed  obliquely  to  mure,  uniting  with  mesolophid;  mesolophid  long, 
not  reaching  lingual  lophid;  mesostylid  absent;  posterior  arm  of  hypoconid 
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directed  transversely  and  continuing  around  posterior  margin  as 
posterol ingual  lophid;  lingual  lophid  with  slight  notch  in  occlusal 
surface  where  mesostylid  would  be  present;  anterior  cingulum 
continuous  from  metaconid  to  protoconid  on  labial  border;  anterior 
cingulum  high  near  union  v/ith  anterior  arm  of  protoconid,  low 
laterally;  ectolophld  absent. 

Discussion:  Upper  cheek  teeth  of  Simimys  sp.  from  Hartman  Ranch 
are  similar  to  M'  of  5.  murinus  Wilson  in  (a)  projection  of  the  anterior 
arm  of  the  protoconid  to  the  anterolabial  corner  of  the  tooth  where  it 
unites  with  the  parastyle,  (b)  a weak  protoconule  directed  lingually 
from  the  paracone  joins  the  anterior  arm  of  the  protocone,  and  (c) 
a minute  protoconule  is  present  on  the  anterior  arm  of  the  protocone. 

M z is  not  known  in  S_.  murinus.  Simimys  sp . is  similar  to _S . simplex 
Wilson  in  a paracone  uniting  with  the  anterior  arm  of  the  protocone, 
but  a parastyle  is  not  indicated  on  of_S_.  simplex.  _S.  vetus  Wilson 
differs  from  Simimys  sp.  in  development  of  a prominent  mure  crest  and 
mesocone . 

Lower  cheek  teeth  of  Simimys  sp.  are  about  equal  in  size 
(Table  1)  to  S.  simplex  and  S.  vetus.  The  latter  two  species  are  known 
from  complete  lower  dentitions.  Lower  molars  of  S.  simplex  differ  from 
Simimys  sp.  in  absence  of  the  isolated  anteroconid  on  M],  Mj  is  wider 
anteriorly,  and  M3  is  wider  posteriorly.  Lower  molars  of  S.  vetus 
differ  from  Simimys  sp.  in  lacking  the  posterior  union  of  protoconid  and 
metaconid,  and  M3  is  not  reduced  posteriorly.  Lower  teeth  of  J5.  murinus 
are  not  known . 

Simimys  sp . from  Hartman  Ranch  appears  closest  to_S_.  murinus 
but  specific  identification  is  withheld,  pending  collection  of  more 
material . 

Simimys  is  probably  the  ancestral  cricetid,  based  on  its  reduced 
dental  formula  (3/3).  Simimys  was  referred  to  ?Cricetidae  by  Wilson 
(1935)  but  frequently  classified  as  a zapodid  by  other  authors.  There 
is  no  indication  in  Simimys  for  a fourth  upper  cheek  tooth,  a characteristic 
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of  Tertiary  zapodids.  Simimys  is  similar  to  later  cricetid  rodents  in 
the  development  of  an  anteroconid  on  M|  and  the  reduced  posterior 
half  of  M^.  The  protoconule  of  Simimys  is  possibly  homologous  with 
the  anterocone  of  later  cricetid  rodents.  In  theory,  the  anterior 
cingulum  of  would  not  persist  after  was  lost,  and  the  protoconule 
would  expand  anteriorly  to  occlude  anterior  to  the  anteroconid  of  M| . 

The  protoconule  is  prominent  on  M ^ of  S.  murinus  and  minute  on  M2 
of  Simimys  sp.  from  Hartman  Ranch.  All  known  middle  and  late 
Tertiary  cricetid  rodents  lack  a protoconule  and  have  the  anterocone 
uniting  with  the  anterior  arm  of  the  protocone,  similar  to  the  union 
of  the  protoconule  and  the  protocone  in  Simimys  sp.  from  Hartman 
Ranch  and  S.  murinus. 

The  center  of  radiation  for  cricetid  rodents  is  uncertain. 

Cricetids  occur  in  the  early  Oligocene  of  Palearctica  but  are  absent 
during  the  same  interval  in  Nearctica.  Absence  of  cricetids  during 
the  early  Oligocene  of  Nearctica  is  anomalous, ssince  other  small 
rodents  (e.g.  Adjidaumo,  Ischyromys,  Heliscomys,  and  Cylindrodon) 
are  well  represented  at  that  time.  Ecological  limits  of  Oligocene 
small  rodents  are  poorly  known — Ischyromys  was  considered  fossorial 
by  Wood  (1937),  but  recent  study  of  uncrushed  Ischyromys  skulls  by 
Black  (1968)  reveal  the  absence  of  many  specializations  interpreted 
by  Wood.  Evidence  for  ecologic  replacement  is  lacking,  although 
Ischyromys  was  abundant  in  lower  and  middle  Oligocene  deposits, 
terminating  in  late  Oligocene  when  the  cricetid  Eumys  assumed  dominance. 

Namatomys  fantasma  is  a good  morphological  intermediate 
between  Sciuravus  powayensis  and  Simimys  sp.  Another  possible 
ancestor  of  Simimys  is  Pauromys,  a middle  Eocene  Nearctic  sciuravid. 
Pauromys  has  a shortened  and  anteriorly  narrowed  P4  that  is  too  reduced 
to  be  ancestral  to  Namatomys.  Simimys  may  be  derived  from  Pauromys 
through  the  loss  of  P4,  but  morphological  similarity  of  anterior  lower 
cheek  teeth  in  Namatomys  and  Simimys  plus  the  posterior  reduction  of 
the  posterior  lower  cheek  tooth  in  Simimys  suggest  that  Simimys  was 
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derived  from  Namatomys  through  the  loss  of  M3.  Presence  of  Simimys 
and  its  presumed  ancestor,  Namatomys,  in  the  same  deposit  at  Hartman 
Ranch  strongly  suggest  the  early  radiation  of  cricetids  occurred  in 
North  America . 
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TABLE  1.  MEASUREMENTS* 


length 

width  Pr. 

width  Hy 

Pareumys  sp. 

UCMP  79271 

?RP4 

1.70 

1.85 

UCMP  79272 

?LM3 

1.85 

1.75 

UCMP  79477 

LM3 

2.23 

2.13 

Griphomys  sp . 

UCMP  79479 

lm3 

1.23 

1.03 

0.90 

Simimys  sp . 

UCMP  77646 

LM2 

1.40 

1.24 

1.21 

UCMP  79269 

LM2 

1.39 

1.25 

1.19 

UCMP  79270 

LM2 

1.26 

1.20 

1.07 

UCMP  79267 

LMi 

1.45 

0.75 

1.06 

UCMP  79268 

lm2 

1.30 

1.00 

1.15 

UCMP  77647 

lm3 

1.31 

1.10 

0.90 

UCMP  82686 

rm3 

1.26 

1.13 

0.83 

UCMP  82687 

rm3 

1.15 

0.88 

0.72 

* all  measurement’s  in  millimeters 
Pr.  = protoloph 
Hy.  = h ypoloph 
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TABLE  2.  MEASUREMENTS  OF  Namatomys  fantasma  n.  sp. 


N 

X 

S 

V 

OR 

p4 

length 

11 

1.19±.02 

.0654 

5.50 

1.10-1. 

width 

12 

1.26±.02 

.0744 

5.90 

1.15-1. 

M1 

length 

7 

1 .27-. 02 

.0624 

4.91 

1.18-1. 

width 

7 

1.34±.02 

.0636 

4.75 

1.25-1. 

M2 

length 

11 

• 

CO 

1 + 

• 

0 

.0342 

2.90 

1.13-1. 

width 

11 

1 .35-. 02 

.0666 

4.93 

1.25-1. 

M3 

length 

7 

1.00±.04 

.0956 

9.56 

0.90-1. 

width 

7 

1.10±.04 

.0944 

8.58 

1.00-1. 

P4 

length 

9 

1 . 16— .03 

.0745 

6.42 

1.05-1. 

width  Pr. 

9 

0.79-.01 

.0292 

3.70 

0.75-0. 

width  Hy. 

9 

1 .06-. 02 

.0638 

6.02 

0.97-1. 

M] 

length 

17 

1 . 29— .01 

.0591 

4.58 

1.15-1. 

and 

width  Pr. 

15 

1.1 9— .02 

.0795 

6.68 

1.00-1. 

M2 

width  Hy. 

18 

1.08±.02 

.0861 

7.97 

0.90-1. 

m3 

length 

18 

1 .25- .01 

.0595 

4.76 

1.15-1. 

width  Pr. 

17 

1 . 10- .0 1 

.0540 

4.91 

1.00-1. 

width  Hy. 

17 

0.98±.01 

.0505 

5.15 

0.90-1. 

* all  measurements  in  millimeters 
N - number  of  specimens  measured 
X = mean  of  sample 
S - standard  deviation  of  sample 
V = coefficient  of  variability 
OR  = observed  range 
Pr.  = protoloph 
Hy.  = hypoloph 


* 

30 

38 

35 

40 

23 

45 

20 

25 

30 

85 

15 

37 

30 

23 

35 

22 

08 
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MEGAHIPPUS  AND  HYPOHIPPUS  (PERISSODACTYLA,  MAMMALIA) 

FROM  THE  ESMERALDA  FORMATION  OF  NEVADA 

BY  J.  E.  MAWBY 
ABSTRACT 

A specimen  from  the  Esmeralda  Formation  (Mio-Pl iocene)  of 
Nevada  provides  new  information  concerning  the  poorly  known 
anchitheriine  horse,  Megahippus  McGrew.  Hypohippus  nevadensis 
Merriam,  from  the  same  formation,  approaches  Megahippus  in  size, 
but  lacks  the  characteristic  megahippine  specialization  of  the  dentition 

INTRODUCTION 

The  anchitheriine  genus  Megahippus  is  perhaps  the  least  well 
known  of  the  later  Tertiary  horses.  Of  the  genotypic  species,  M. 
matthewi,  only  a mandible  (McGrew,  1938,  pp.  315-317),  a 
maxillary  fragment,  and  some  questionably  referred  foot  elements 
(Barbour,  1914)  have  been  adequately  described  or  illustrated.  One 
additional  species,  M.  mckennai,  has  been  described  (Tedford  and 
Alf,  1962),  based  on  a crushed  skull  of  an  old  individual,  with  heavily 
worn  dentition.  Additional  specimens  of  both  species  are  known,  but 
descriptions  have  not  been  published. 

Specimens  collected  by  the  writer  provide  information  on 
structures  not  previously  recorded  adequately,  especially  the  highly 
specialized  upper  incisors. 

Specimen  and  locality  numbers  are  those  of  the  University  of 
California  Museum  of  Paleontology,  Berkeley. 
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Order  PERISSODACTYLA 
Fami  I y Equidae 
Subfamily  Anchi theri  i nae 
Megahippus,  cf.  M.  matthewi  (Barbour)  1914 


Material:  UCMP  59271 , parts  of  cranium  and  mandibles  of  a young 
adult  animal:  right  maxillary  with  P^-^,  part  of  P^,  fragments  of 
other  upper  cheek  teeth;  isolated  right  1^  and  1^,  probably  unerupted; 
fragments  of  posterior  part  of  cranium,  poorly  preserved;  parts  of  both 
rami  of  mandible,  with  P2-M3  in  place,  M3  partly  erupted;  isolated 
left  I | and  right  12,  12  unerupted. 

Locality:  UCMP  loc.  V-6136,  Confusion  Quarry.  Esmeralda 
Formation,  Mineral  County,  Nevada.  A mile  north  of  north  end  of 
Cedar  Mountain  range,  4 miles  northwest  of  Warrior  Mine.  Latitude 
38°  38'  24"  N.;  longitude  117°  53'  00"  W. 

Age:  Clarendonian  (late  Miocene  or  early  Pliocene). 

Description:  Lower  teeth  (Fig.  1):  Lower  incisors  are  large  and  heavy, 
with  high  lingual  cingula  enclosing  a broad  spoon-shaped  basin.  Strong 
labial  cingula  extend  up  the  labial  corners  of  the  teeth  nearly  to  the 
tips.  The  lower  incisors  are  very  similar  to  those  in  the  mandible 
(UCMP  28841)  of  M.  matthewi  from  the  Burge  fauna  of  Nebraska, 
described  by  McGrew  (1938,  pp . 315-317,  fig.  5).  These  teeth 
formed  the  basis  for  much  of  McGrew ‘s  diagnosis  of  the  genus  Megahippus. 
Incisors  of  the  Nevada  specimen  are  slightly  larger  than  those  of  M. 
matthewi  from  Burge  and  have  more  strongly  developed  cingula. 

Lower  cheek  teeth  are  also  similar  to  those  of  the  Burge  specimen 
but  are  slightly  larger  (Table  1)  and  higher  crowned.  P4  has  a well 
developed  lingual  cingulum,  interrupted  lingual  to  the  entoconid. 

There  are  suggestions  of  a lingual  cingulum  at  the  bases  of  the  cusps 
of  P3  and  P4,  but  not  on  the  molars.  However,  strong  cingular 
structures  are  developed  across  the  lower  parts  of  the  lingual  openings 
of  the  metaflexids  and  the  entoflexids  of  P3  through  M3.  Heavy  labial 
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cingula  are  present  on  all  the  lower  cheek  teeth.  In  the  molars,  the 
metastylid  and  metaconid  are  separated  at  their  tips  by  a faint  groove 
extending  2-3  mm.  down  the  lingual  side  of  the  tooth.  A similar 
condition  appears  in  the  unerupted  premolars  of  an  unpublished 
specimen  of  M . matthewi  from  Nebraska  (UCMP  29559).  The 
metastylid  is  about  1 mm.  lower  than  the  metaconid  in  the  unworn 
M3 , and  the  same  difference  appears  to  have  been  present  in  the 
other  molars.  The  premolars  differ  from  the  molars  in  a pronounced 
posterior  extension  of  the  metastylid,  especially  in  early  stages  of 
wear.  P4  is  the  largest  of  the  lower  cheek  teeth  in  all  dimensions. 

There  is  a regular  and  gradual  decrease  in  size  of  the  other  cheek 
teeth,  both  anterior  and  posterior  to  P4. 

Upper  teeth  (Fig.  2):  Barbour  (1914a,  p.  171)  mentions 
"strong  incisors"  with  the  holotype  of  M . matthewi,  but  unfortunately 
these  teeth  have  never  been  described  or  figured.  Upper  incisors  in 
the  holotype  of  M . mckennai  Tedford  and  Alf  (1962)  are  present  but 
heavily  worn.  The  two  upper  incisors  preserved  in  the  Cedar  Mountain 
specimen  show  that  these  teeth  in  Megahippus  are  as  unique  as  the 
lowers  (Fig.  2a).  Unfortunately,  M was  not  found,  but  |2  and  |3  are 
large  and  scoop-shaped.  |2  bears  a deep  basin,  which  is  bounded 
labial  I y by  the  high,  sharp  edge  of  the  tooth.  Lingual  I y and  posteriorly, 
the  basin  is  bounded  by  a pair  of  high  crests,  which  meet  in  a broad  V. 
There  is  a short,  heavy  lingual  cingulum  at  the  base  of  the  lingual 
crest;  the  posterior  crest  arises  at  the  edge  of  the  tooth.  There  is  a 
labial  cingulum,  most  pronounced  at  the  anterior  edge  of  the  tooth. 

|3  is  essentially  a smaller  duplicate  of  |2,  except  that  the  posterior 
crest  is  weaker,  and  bears  a fold  or  cuspule  on  its  basinward  face. 

The  lingual  crest  is  faintly  serrated.  Incisors  of  M.  mckennai  appear 
to  have  been  similar,  but  much  smaller,  and  with  very  weak  labial 
cingula . 

Pi  (Fig.  2b)  is  similar  in  form  to  the  corresponding  tooth  of 
Hypohippus.  It  differs  mainly  in  the  presence  of  a strong  lingual 
cingulum  and  a weaker  anterolabial  cingulum. 
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P2  and  P3  closely  resemble  corresponding  teeth  in  the  type 
of  M.  matthewi.  The  state  of  wear  is  nearly  equivalent  in  the  two 
specimens.  Lingual  cingula  are  stronger  in  the  Nevada  specimen, 

O 

and  the  shelf  anterior  to  the  protocone  is  broader,  especially  on  P . 

o o 

PJ  has  a small  crochet  near  the  flexure  of  the  metaloph,  as  do  P and 

P4  in  the  type  of  M.  matthewi.  Pz  also  has  a crochet,  but  it  is  weaker 

and  more  laterally  placed  than  in  P^.  There  is  a second  spur  of  enamel 

jutting  anteromedial  I y from  the  metaloph  near  its  junction  with  the 

hypocone.  As  in  the  type  of  M.  matthewi  each  tooth  has  a large 

cuspule  on  the  cingulum  anteromedial  to  the  hypocone. 

P^  is  represented  by  a fragment  including  the  anterior  half  of 

the  protocone  and  most  of  the  protoloph.  An  isolated  ectoloph  and 

part  of  a hypocone  probably  also  belong  to  this  tooth.  None  of  these 

fragments  shows  any  significant  difference  from  p3, 

A medial  half  of  one  of  the  molars  probably  is  part  of  M \ This 

fragment  has  a lingual  cingulum  nearly  as  strong  as  those  of  the  premolars, 

and  a cingular  cuspule  larger  than  that  on  P2  or  on  P3.  in  the  type  of 

M.  matthewi,  the  lingual  cingulum  of  M ^ does  not  extend  across  the 

protocone  or  the  hypocone.  Other  fragments  suggest  that  all  upper 

molars  of  the  Nevada  Megahippus  had  well  developed  lingual  cingula. 

One  fragment,  apparently  of  the  left  M^,  shows  a very  large  cingular 

cuspule  that  is  more  than  half  the  size  of  the  hypocone. 

Skull:  Structures  that  can  be  identified  are  similar  to  those  of 

Hypohippus,  but  are  much  larger. 

Discussion:  The  type  of  the  genus  Megahippus  McGrew  (1938)  was 
Hypohippus  matthewi  Barbour  (1914).  The  type  material  of  Barbour's 
species,  from  Devil 's  Gulch , Brown  County,  Nebraska,  included  "the 
right  maxilla  with  four  perfect  teeth,  and  the  left,  with  three,  together 
with  strong  incisors.  In  addition,  scattered  lower  teeth,  numerous  limb 
bones,  and  several  nearly  complete  feet  were  found  and  referred  to 
this  species. 11  (Barbour,  1914,  p0  171).  Only  the  right  maxillary 
fragment  with  P^-M^  and  a forefoot,  later  referred  by  Osborn 
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(1918,  p.  210)  to  "a  species  of  Merychippus, " were  described  and 
illustrated.  McGrew's  generic  diagnosis  was  based  primarily  on  the 
referred  mandible  from  the  Burge  fauna.  Its  most  distinctive  features 
were  the  short,  upturned  symphysis  and  greatly  enlarged,  procumbent 
incisors. 

Megahippus  mckennai  Tedford  and  Alf  (1962)  from  Barstow 
provides  a link  in  time,  in  size,  and  in  structure,  between  M.  matthewi 
and  its  unknown  ancestor  in  or  near  the  lineage  of  Hypohippus. 
Megahippus  mckennai,  M.  matthewi  from  Nebraska,  and  the  Nevada 
Megahippus  form  a structural  series,  although  not  a perfectly  graded 
one.  The  Nevada  form  is  about  5%  larger  than  M.  matthewi,  which 
in  turn  is  about  25%  larger  than  M.  mckennai  (Table  1).  In  M. 
mckennai,  the  lingual  cingulum  is  strong  on  p2,  slightly  weaker  on 
p3,  and  discontinuous  on  P^.  In  M.  matthewi  the  cingulum  is  continuous 
and  strong  on  P^~^,  but  discontinuous  across  the  protocone  and  hypocone 
of  M^ . In  the  Nevada  Megahippus  the  cingulum  is  as  strong  on  at 
least  one  (and  probably  on  all)  of  the  upper  molars  as  on  the  premolars. 

M . mckennai  lacks  the  cingular  cuspule  anterolingual  to  the  hypocone, 
which  is  present  in  the  Nevada  specimen  and  on  p2~4  Qf  M.  matthewi. 

Crochets  appear  on  various  upper  cheek  teeth  of  all  specimens 
of  Megahippus,  as  they  do  in  advanced  species  of  Hypohippus.  This 
was  evidently  a variable  character,  with  no  taxonomic  significance  in 
the  Hypohippus-Megahippus  branch  of  the  anchitheriine  horses. 

Differences  between  the  Nevada  Megahippus  and  described 
specimens  of  M.  matthewi  from  the  Great  Plains  may  merit  specific 
separation.  However,  it  seems  advisable  to  refrain  from  naming  another 
species  until  more  information  is  available  concerning  the  range  of 
variation  of  M.  matthewi. 

The  specimen  from  Cedar  Mountain  is  the  first  record  of 
Megahippus  from  the  Great  Basin.  Megahippus  mckennai  is  recorded 
only  from  the  Barstow  Formation  in  the  Mojave  Desert  of  California. 
James  (1963)  lists  but  has  not  yet  described  specimens  of  Megahippus 


5 


no.  T 


in  Clarendonian  faunas  of  the  Cuyama  Valley  Badlands  of  California. 
Megahippus  matthewi  has  been  reported  only  in  the  Devil's  Gulch 
(Barbour,  1914)  and  Burge  assemblages  (McGrew,  1938),  and  possibly 
at  Big  Spring  Canyon,  South  Dakota  (Gregory,  1942). 

AFFINITIES  OF  HYPOHIPPUS  NEVADENSIS 

Presence  of  Megahippus  in  the  Clarendonian  assemblage  from 
the  Cedar  Mountain  area  raises  a question  about  the  relationships  of 
Hypohippus  nevadensis  Merriam  (1913,  pp.  420-427).  This  species 
was  based  on  a specimen  from  UCMP  loc.  1980,  on  the  east  side  of 
Cedar  Mountain,  a few  miles  southeast  of  locality  V-6136,  and  in 
beds  of  approximately  the  same  age  as  those  at  V-6137.  The  type 
specimen  (UCMP  21056)  includes  several  parts  of  the  skeleton, 
including  the  partly  articulated  limbs,  but  the  part  of  most  importance 
in  characterizing  the  species  is  a maxillary  fragment  with  dP^"^. 

These  teeth  are  larger  but  similar  to  the  milk  teeth  of  Hypohippus 
affinis  , and  the  metaloph  does  not  connect  with  the  ectoloph . Merriam 
considered  the  disconnection  of  the  metaloph  to  be  of  sufficient  value 
for  establishment  of  a new  subgenus,  Drymohippus. 

Only  a few  additional  specimens  referable  to  Hypohippus  have 
been  collected  in  the  Cedar  Mountain  area.  These  include  a tooth 
fragment,  an  astragalus,  and  a questionably  referred  metacarpal. 

They  may  represent  H . nevadensis  but  are  not  directly  comparable 
wi  th  the  j uvenile  type  specimen. 

If  the  type  specimen  of  Hypohippus  nevadensis  and  the  Megahippus 
from  Cedar  Mountain  (UCMP  59271)  were  juvenile  and  adult  individuals 
respectively  of  the  same  species,  and  if  UCMP  59271  were  conclusively 
referable  to  Megahippus  matthewi  (Barbour),  the  specific  name  M. 
matthewi  might  be  a synonym  of  H . nevadensis,  and  the  generic  name 
Megahippus  McGrew  (1938)  would  be  synonymous  with  Drymohippus 
Merriam  (1913).  The  two  Nevada  specimens  do  not  appear,  however, 
to  be  of  the  same  species. 
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Stock  (1926)  described  two  anchitheriine  horse  specimens  from 
the  Esmeralda  Formation  in  Fish  Lake  Valley  (UCMP  loc.  2804),  fifty 
miles  south  of  Cedar  Mountain.  One  was  a skull  fragment  with 
dP^-M^  . Stock  recognized  differences  in  the  deciduous  teeth  but 
referred  this  specimen  to  Hypohippus  nevadensis  because  of  the 
similarity  in  size  and  because  the  showed  "characteristics  which 
at  least  might  be  expected  in  of  the  type  of  Hypohippus  (Drymohippus) 
nevadensis."  (1926,  p.  64).  The  other  specimen  was  a right  mandible, 
which  he  also  referred  to  H.  nevadensis,  apparently  on  the  basis  of  its 
large  size. 

The  deciduous  premolars  of  the  right  side  of  the  Fish  Lake  Valley 
skull  fragment  (UCMP  271 16)  and  portions  of  the  maxillary  bone  were 
removed  to  reveal  the  permanent  P^”^,  in  order  to  determine  relationships 
of  Hypohippus  nevadensis  with  Megahippus.  These  teeth,  like  the  M 
are  large,  only  slightly  smaller  than  those  of  Megahippus  matthewi. 
However,  they  lack  the  characteristic  lingual  cingulum  of  Megahippus 
premolars.  A weak  cingulum  on  the  lingual  base  of  the  protocone  of 
P^  is  only  slightly  more  pronounced  than  the  similar  faint  cingulum  on 
some  premolars  of  a skull  of  Hypohippus  affinis  (UCMP  28840). 

Although  the  mandible  (UCMP  271 17)  also  rivals  M.  matthewi 
in  size,  or  at  least  in  length  of  the  cheek  tooth  series,  the  relatively 
shallow  ramus  and  relatively  long  diastema  indicate  that  it  is  a large 
Hypohippus,  rather  than  a Megahippus.  The  presence  of  an  alveolus 
for  P]  also  supports  this  identification,  if  McGrew  is  correct  in 
believing  that  absence  of  this  tooth  is  characteristic  of  the  genus 
Megahippus.  Unfortunately  the  Cedar  Mountain  specimen  of  Megahippus 
casts  no  light  on  this  point. 

The  anchitheriine  horse  in  the  Fish  Lake  Valley  fauna  is  a large 
species  of  Hypohippus,  but  a question  may  remain  about  its  assignment 
to  H.  nevadensis.  As  Stock  recognized,  there  are  significant  differences 
between  the  deciduous  dentition  from  Fish  Lake  Valley  and  that  from 
Cedar  Mountain.  Chief  among  these  is  the  good  connection  between 
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the  metaloph  and  ectoloph  in  deciduous  premolars  of  the  Fish  Lake 
Valley  specimen.  This  specimen  also  lacks  the  strong  lingual  cingulum 
on  dP2,  which  is  present  in  the  Cedar  Mountain  specimen.  The  milk 
teeth  of  the  Fish  Lake  Valley  horse  are  longer  anteroposteriorly  than 
those  of  the  type  specimen  of  H.  nevadensis,  and  appear  somewhat 
narrower,  which  may  be  the  result  of  crushing. 

There  is  no  sure  evidence  relating  H.  nevadensis  to  Megahippus. 
Although  large  for  Hypohippus,  the  H.  nevadensis  milk  dentition  is 
smaller  than  would  be  expected  for  the  Nevada  Megahippus.  The 
cingulum  on  dP2  may  suggest  affinity  with  Megahippus,  but  this  is 
not  convincing.  Until  more  evidence  is  found  at  least  two  species  of 
large  anchitheriine  horses  in  the  Clarendonian  of  west-central  Nevada 
are  recognized:  Megahippus  cf.  matthewi,  of  UCMP  loc.  V-6136  and 
Hypohippus  nevadensis,  Merriam's  type  specimen,  from  UCMP  loc.  1980. 
The  Fish  Lake  Valley  Hypohippus  may  represent  a third  species  or  may 
be  referable  to  Hypohippus  nevadensis. 
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TABLE  1 

COMPARATIVE  MEASUREMENTS  OF  UPPER  TEETH  OF  MEGAHIPPUS. 


Megahippus 

M.  matthewi 

M.  mckennai 

cf.  matthewi 

cast  of 

Tedford  & 

UCMP  59271 

type 

Alf,  1962 

1^,  length 

19.5  mm . 

12.6  mm . 

width 

20.3 

a 13.5 

1^,  length 

12.5 

width 

16.7 

P ^ , length 

21 

17.8 

width 

19 

12.1 

P^,  length  (1) 

38 

35 

length  (2) 

33 

31.5 

23.1 

width  (3) 

39 

35.7 

29.7 

P^,  length  (1) 

a 38 

36.8 

length  (2) 

37 

33.5 

26.4 

width  (3) 

a 45 

39.9 

35.3 

P^,  length  (1) 

a 38 

38 

length  (2) 

34 

27.4 

width  (3) 

38.5 

38.2 

a - approximate  dimension 

(1)  length  along  ectoloph 

(2)  length  across  protoconule-hypostyle 

(3)  width  at  base  of  crown 
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TABLE  2 

COMPARATIVE  MEASUREMENTS  OF  LOWER  TEETH  OF  MEGAHIPPUS. 


M.  cf.  matthewi 

M . matthewi 

UCMP  59271 

UCMP  28841 

right  left 

1 ] , length 

20.4  mm . 

18.7  mm . 

width 

28 

24.5 

12/  length 

17.6 

16.3 

width 

24 

21.1 

P2,  length 

31.5 

29.1 

width 

20 

20.7 

P3/  length 

35 

34.5 

31.7 

width 

24.5 

24 

24.7 

P4,  length 

36 

a 35 

32.5 

width 

26 

a 26 

25.0 

M j , length 

34.5 

a 35 

31.3 

width 

24 

23.5 

24.8 

M 2 , length 

34 

a 33 

29.6 

width 

22.5 

22.5 

23.5 

Mg,  length 

a 33 

a 33 

31 

width 

a 19 

19.0 

P2"  P4'  len9fh 

101 

92 

a - approximate  dimension 
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Figure  1.  Megahippus  cf.  M.  matthewi . UCMP  59271.  Right 
ramus  of  mandible  with  p2  - m"2  in  place,  erupting, 
a.  Occlusal  view.  b.  Lateral  view.  c.  Lingual  view.  X 1/2. 
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Figure  2.  Megahippus  cf.  M.  ma  t thewi . UCMP  59271.  _a.  Right 

I 2 and  I 3 . Above,  lateral  view;  below,  occlusal  view, 
b.  Fragment  of  right  maxilla  with  part  of  P^ . X 1. 
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A MOLLUSCAN  FAUNAL  ASSEMBLAGE  FROM  THE 
ARCTURUS  FORMATION,  NEVADA 

by  Thomas  E.  Yancey 
INTRODUCTION 

Middle  Permian  marine  rocks  of  the  Arcturus  Formation  in  White  Pine 
County,  east  central  Nevada,  contain  an  unusually  diverse  fauna, 
containing  most  of  the  non-reef  marine  faunal  communities  found  in 
Pennsylvanian-Permian  strata  in  the  United  States  (Stevens,  1966). 
Brachiopods,  corals,  echinoderms,  foraminifera,  molluscs  and  bryozoans 
are  all  abundant,  particularly  the  brachiopods  and  molluscs,  providing 
one  of  the  most  complete  marine  faunal  associations  known  in  the  far  West. 
The  upper  part  of  the  formation  contains  a dominantly  molluscan  fauna, 
contained  in  a distinctive  lithology  of  shales  and  interbedded  evaporites 
and  limestones.  Permian  molluscan  faunas  are  known  from  several  areas 
in  the  western  states,  chiefly  in  Texas,  Arizona,  and  the  Wyoming-ldaho 
region,  although  even  the  better  known  of  these  are  incompletely  described, 
and  none  have  been  described  from  Nevada.  Description  of  these  molluscs 
is  prompted  by  the  need  for  information  of  molluscan  species  due  to  their 
increasingly  important  role  in  chorologic  correlation  of  non-fusulinid 
bearing  Permian  strata. 

Much  diversity  is  apparent  in  molluscan  faunas,  with  many  molluscan 
communities  known  (Moore,  1964;  Stevens,  1 966),  representing  a range  of 
environmental  conditions.  The  faunal  assemblage  described  here  appears 
to  represent  a fossilized  life  assemblage,  or  biocoenose,  and  data  is 
presented  for  the  interpretation  of  the  paleoecology  of  this  assemblage. 

As  some  species  (or  related  forms)  characterize  coeval  faunas  in  other 
areas,  their  documentation  should  contribute  to  the  analysis  of  adjacent 
communities. 
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AGE  AND  LOCATION 

The  fossils  from  the  Arcturus  Formation  were  collected  in  1957  by 
Dr.  R.  L.  Langenheim  and  Dr.  E.  Wilson  25  miles  southwest  of  Ely, 

Nevada,  on  the  east  side  of  Ward  Mountain  at  an  elevation  of  7200  feet, 
approximately  1000  feet  north  of  the  south  boundary  and  150  feet  west 
of  the  east  boundary  of  Section  28,  Township  16  North,  Range  62  East 
(Mt.  Diablo  Base  and  Meridian).  This  is  University  of  California  Museum 
of  Paleontology  (UCMP)  locality  number  B-6264.  Precise  stratigraphic 
position  of  the  fossil  assemblage  was  not  determined  when  collected,  but 
subsequent  study  indicates  that  UCMP  B-6264  came  from  the  upper  part  of 
the  formation. 

A Leonardian  (Middle  Permian)  age  is  indicated  by  the  joint  occurrence 
of  Euphemitopsis  subpapillosa  (White),  Straparollus  (Leptomphalus)  arcturus 
Yancey  n.  sp.,  Euphemites  kingi  Yochelson  and  Goniasma  cf.  G. 
geminocarinata  (Chronic).  Euphemitopsis  subpapillosa  is  known  from  the 
Yeso  Formation  in  New  Mexico  and  Epitaph  Formation  in  Arizona 
(Yochelson,  1956),  both  Leonardian  in  age,  and  the  Permian  upper  part 
of  the  Aubrey  Group  in  Utah  (White,  1876).  Species  of  Straparollus 
(Leptomphalus)  are  known  only  from  the  middle  Permian,  and  the  closest 
relative  to  S.  (L.)  arcturus  n.  sp.  is  S.  (L.)  micidus  Yochelson  from  the 
Leonardian  Bone  Spring  Formation  in  Texas  (Yochelson,  1956).  Euphemites 
kingi  previously  was  recorded  only  from  the  Bone  Spring  Formation 
(Yochelson,  1956).  Goniasma  geminocarinata  is  known  only  from  the 
Alpha  Member  of  the  Kaibab  Formation  in  Arizona,  considered  latest 
Leonardian  by  Chronic  (1952). 

In  the  vicinity  of  Ward  Mountain,  Permian  molluscan  faunal 
assemblages  with  euphemitine  gastropods  occur  characteristically  in  the 
upper  part  of  the  Arcturus  Formation  (Wilson  and  Langenheim,  1962; 

Stevens,  1966).  Brill  (1963)  placed  this  part  of  the  Arcturus  Formation 
in  the  lower  Leonardian,  and  Wilson  and  Langenheim  (1962)  noted  that 
it  stratigraphical ly  overlies  rocks  with  Leonardian  fusulinids.  The  age 
and  characteristic  occurrence  of  the  faunal  assemblage  in  the  local 
stratigraphic  column  both  indicate  that  UCMP  B-6264  was  collected  from 
the  upper  part  of  the  Arcturus  Formation.  Another  molluscan  sample  from 
the  same  area,  UCMP  B-6207,  containing  poorly  preserved  specimens  of 
S.  (L.)  arcturus  n.  sp.,  is  from  rocks  overlying  strata  bearing  Leonardian 
fusulinids. 
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COMPOSITION  OF  THE  FAUNA 

The  fossils  are  silicified  and  were  freed  from  limestone  by  etching 
with  hydrochloric  acid.  Their  preservation  is  usually  good,  but  on  many 
the  outermost  layer  of  shell  is  incomplete  or  missing.  No  indication  of 
predepositional  abrasion  was  noted;  however  many  of  the  shells  are 
fractured  and  crushed  as  a result  of  deformation  of  the  rock. 

Three  species  make  up  more  than  90  percent  of  the  individuals 
recovered  from  the  acid  residue:  Euphemitopsis  subpapillosa  (most  numerous), 
Straparollus  (Leptomphal us)  arcturus  n.  sp.  and  Palaeonucula  levatiformis 
(Walcott).  A hand-sized  piece  of  this  limestone  contains  tens  of 
individuals  of  each  of  these  species.  Scattered  among  them  are  a few 
specimens  of  Goniasma  cf.  G.  geminocarinata,  Goniasma  sp.,  Euphemites 
kingi,  Meekospira?  sp.,  many  poorly  preserved  specimens  of  Rimmyjimina 
sp.  and  a few  stellate  crinoid  collumnals.  The  small  and  delicate  shells 
of  Rimmyjimina  sp.  show  a greater  amount  of  post-burial  crushing  and 
incomplete  silicification  than  the  other  species.  One  sees  fewer 
individuals  of  Rimmyjimina  sp.  in  the  acid  residue  than  on  the  weathered 
surfaces  of  the  rock  due  to  their  poorer  preservation,  and  they  probably 
were  an  abundant  constituent  of  the  fauna. 

The  rock  containing  the  fossils  is  a calcilutite  with  great  admixture 
of  shell  material.  Small  shells  are  often  oriented  subparallel  to  bedding 
planes,  but  larger  specimens  show  random  orientation.  Specimens  of  the 
bivalve  Palaeonucula  are  usually  articulated,  and  have  a preferred 
orientation  of  the  plane  of  commissure  normal  to  the  bedding.  On 
weathered  rock  surfaces  the  gastropods  show  complete  gradation  of  size 
from  juveniles  to  adults,  with  juveniles  being  more  abundant.  Insoluble 
residues  do  not  show  this  due  to  destruction  of  many  of  the  small  shells 
during  acid  etching. 


PALEOECOLOGY 

The  random  orientation  of  the  larger  shells  and  the  thin  bedding  of 
the  containing  limestone  indicate  that  the  bottom,  a shell  rich  substrate 
of  fine  mud,  was  not  swept  by  strong  currents.  Presence  of  weak  current 
action  is  indicated  by  the  generally  parallel  orientation  of  the  smaller 
shells  to  the  bedding  planes.  Evidence  that  the  shells  were  not  transported 
after  death  are  1)  the  predominantly  random  orientation  of  larger  specimens, 
2)  absence  of  predepositional  damage  to  the  shells,  and  3)  preservation  of 
articulated  valves  of  Palaeonucula. 
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Yochelson  (1960)  described  and  illustrated  an  assemblage  of  fossils 
from  the  Hueco  Limestone  of  Wolfcampian  age  in  New  Mexico,  United 
States  National  Museum  (USNM)  locality  712-b,  which  is  similar  to  the 
assemblage  from  UCMP  B-6264,  and  he  presented  evidence  that  it 
represents  a portion  of  a fossil  biocoenose.  His  criteria  for  this  conclusion 
were  the  presence  of  a variety  of  species,  random  orientation  of  the  shells, 
abundance  of  smaller  shells  as  compared  to  larger  shells  and  presence  of 
only  a few  abraded  shells. 

The  association  at  UCMP  B-6264  shows  very  similar  characters.  In 
addition,  some  of  the  articulated  valves  of  Palaeonucula  are  oriented 
normal  to  the  bedding,  which  is  the  life  position  of  modern  nuculid 
bivalves  such  as  Nucula  (Morton,  1958).  The  above  evidence  indicates 
the  preservation  of  a biocoenose  at  B-6264  in  which  the  mobile  epifauna 
dominants  were  Straparollus  (Leptomphalus)  and  Euphemitopsis,  whereas 
Palaeonucula  and  perhaps  Rimmyjimina  dominated  the  infauna.  The 
gradation  in  size  of  Straparollus  (Leptomphalus)  and  Euphemitopsis  specimens 
and  the  association  of  many  small  individuals  with  large  ones  indicate  a 
former  biocoenose  and  not  a mixed  death  assemblage.  The  presence  of 
large  numbers  of  diverse  growth  sizes  of  Straparollus  (Leptomphalus)  and 
Euphemitopsis  on  a mud  substrate  suggests  their  complete  adaptation  to 
the  environment,  perhaps  as  scavengers  or  detritus  feeders.  As  Thorson 
(1957)  demonstrated  in  the  living  faunas,  clayey  or  muddy  sediments  are 
inhabited  by  detritus  feeders  or  scavengers. 

Yonge  (1947)  observed  that  modern  aspidobranch  gastropods 
(archeogastropods)  live  primarily  on  hard  substrates.  He  based  this 
conclusion  on  studies  of  the  ctenidea  and  gill  structures,  showing  that 
these  gastropods  cannot  live  for  long  periods  in  turbid  water.  The  amount 
of  turbidity  in  the  water  is  the  critical  factor  controlling  the  distribution 
of  archeogastropods  rather  than  the  hardness  of  the  substrate.  The 
archeogastropuda  from  UCMP  6-6264  and  USNM  712-b  are  embedded  in 
a matrix  of  lithified  calcareous  mud  containing  large  amounts  of  shell 
material  . The  mud  substrate  was  probably  firm  rather  than  soft  because 
of  the  considerable  biologic  activity  occurring  within  it.  Such  biologic 
activity  normally  results  in  a binding  of  fine  sediments  into  a firm 
consistency  (Ginsburg,  1957).  Straparollus  (Leptomphalus)arcturus  n.  sp. 
and  Euphemitopsis  subpapillosa  apparently  flourished  in  relatively  clear 
water  on  a firm  lime-mud  substrate. 
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Archeogastropods  could  inhabit  substrates  other  than  hard  ones, 
because  movement  over  a soft  mud  need  not  produce  agitation  of  the 
bottom  sediment  if  the  gastropod  has  a foot  that  extends  over  an  area  much 
larger  than  the  shell  width.  Some  living  naticid  gastropods  (e.g.  Natica 
chemnitzii  Pfeiffer)  have  a foot  that  extends  several  shell -widths  beyond 
the  aperture  and  they  are  able  to  crawl  relatively  rapidly  over  a very  soft 
substrate  without  disturbing  the  mud  or  sinking  into  it.  Likewise  the 
bellerophontid  gastropods,  which  have  similar  proportions  of  body  chamber 
size  to  total  shell  size,  may  have  had  an  equally  extendable  foot  and 
could  have  inhabited  any  kind  of  substrate,  hard  or  soft. 

This  faunal  assemblage  is  similar  to  the  euphemitid  community  described 
by  Stevens  (1966).  Euphemitopsis,  Straparollus  (Leptomphalus)  [identified 
as  Straparollus  (Euomphalus)  by  Stevens]  and  Palaeonucula,  the  most 
abundant  constituents  of  UCMP  B-6264,  all  occur  in  common  with  the 
euphemitid  community.  The  occurrence  of  this  community  in  predominantly 
non-calcareous  rocks,  association  with  strata  containing  evaporite  deposits, 
and  its  close  resemblance  to  modern  faunas  in  brackish  or  hypersaline  waters 
led  Stevens  to  conclude  that  it  had  a tolerance  for  higher  salinities  and 
lived  in  shallow  pools  and  bays  in  depths  of  four  meters  or  less. 

The  euphemitid  community  at  UCMP  B-6264  occurs  in  an  atypical  rock 
for  it  (highly  calcareous  limestone),  contains  molluscan  elements  in  common 
with  other  communities  clearly  not  of  hypersaline  environments,  and 
contains  crinoid  columnals.  This  indicates  that  the  environment  for 
UCMP  B-6264  was  at  near  normal  salinity.  The  gastropod  genus  Goniasma 
is  also  present  in  the  faunas  of  Chronic  (1952)  and  Winters  (1963)  which, 
by  their  diversities  and  species  content,  were  considered  to  be  from  waters 
of  near  normal  salinity.  The  bivalve  Rimmyjimina  is  also  in  common  with 
Chronic's  fauna.  The  euphemitid  community  described  by  Stevens  is  a 
hypersalinity  tolerant  community,  while  UCMP  B-6264  appears  to  be  a 
near  normal  salinity  expression  of  this  community. 

SYSTEMATIC  PALEONTOLOGY 

Terminology  used  in  the  following  systematic  descriptions  of  gastropods 
follows  the  usage  of  Cox  (1960)  and  Yochelson  (1960).  All  types  and 
figured  specimens  are  deposited  in  the  type  collections  of  the  University 
of  California  Museum  of  Paleontology. 
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BIVALVIA 

Superfamily  NUCULACEA  Gray,  1824 
Family  NUCULIDAE  Gray,  1824 
Genus  PALAEONUCULA  Quenstedt,  1930 

Palaeonucula  levatiformis  (V'/alcotf),  P884 
Figures  18-20 

Nucula  levafiforme  Walcott,  1884,  U.  S.  Geol . Survey,  Mon.  8, 
p.  241,  pi . 22,  fig . 1 , la . 

Palaeonucula  levatiformis  (Walcott),  Chronic,  1952,  Geol.  Soc . Am. 

Bull.  63,  p.  138,  pi.  6,  figs.  4-9. 

Palaeonucula  levatiformis  (Walcott),  Winters,  1963,  Geol.  Soc.  Am. 

Mem.  89,  p.  49,  pi.  6,  figs.  4-7b. 

Hypodigm:  About  50  specimens,  juveniles  and  adults.  Figured  specimens 
are  hypotypes  UCMP  10130,  UCMP  10131  and  UCMP  10132. 

Description:  Small,  subtriangular,  averaging  about  as  high  as  long,  with 
beaks  situated  forward  of  center  of  hinge  line;  beaks  in  some  specimens 
close  to  anterior  margin  of  shell,  close  to  midpoint  in  others;  outline  of 
shell  variable,  generally  close  to  equilaterally  triangular;  well  inflated 
with  thickest  part  about  one-third  height  below  beaks;  ornamentation 
consisting  of  many  low  concentric  ribs,  some  individuals  having  a few 
irregular  growth  constrictions  superimposed  over  these;  lunule  sharply 
defined  and  large,  enclosing  a flattened  area  below  the  beaks  extending 
to  ventral  margins,  with  slight  outward  bulge  midway  between  beaks  and 
margins;  taxodont  dentition  with  about  10-1 1 anterior  teeth  and  6-7 
posterior  teeth;  small  ligament  groove  beneath  beaks;  individuals  reaching 
7 mm  in  height  and  7 mm  in  length. 

Discussion:  Most  of  the  specimens  were  individuals  with  articulated  valves. 
These  specimens  compare  well  with  the  material  described  by  Chronic  (1952) 
and  with  material  described  by  Winters  (1963).  The  amount  of  variation 
in  outline  is  even  greater  than  that  illustrated  by  Winters  (1963),  with  the 
height-length  ratio  ranging  from  1:1.5  to  1.5:1.  Variation  of  other 
characters  appear  to  be  dependent  on  the  changes  in  dimensions  of  the 
shell,  and  in  no  case  are  they  as  extreme  as  the  height-length  variations. 
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Superfamily  CARDITACEA  Goldfuss,  1820 
Family  MYOCONCHIDAE  Newell,  1957 
Genus  RIMMYJIMINA  Chronic,  1952 

Rimmyjimina  sp. 

Rimmyjimina  Chronic,  1952,  Geol . Soc . Am.  Bull.  63,  p.  148,  pi.  9, 
figs.  7-1  lb. 

Hypodigm:  Five  specimens. 

Description:  Shell  small,  ovoid;  strong  cardinal  tooth  definitely  present 

in  right  valve;  left  valve  appears  to  lack  any  strong  tooth;  cardinal 
margin  gently  convex,  with  very  small  beaks  positioned  slightly  above 
hinge  line;  largest  complete  specimen  5 mm  in  length;  incomplete 
specimens  reach  10  mm  in  length. 

Discussion:  The  specimens  show  the  characteristic  decrease  in  height 
toward  the  anterior  end,  the  strongly  produced  anterior  margin  of 
Rimmyjimina,  and  the  dentition  appears  to  be  the  same  as  in  Chronic's 
illustration  of  Rimmyjimina.  Despite  the  strong  resemblance  to 
Rimmyjimina  arcula  Chronic,  the  Arcturus  material  is  too  fragmentary  to 
refer  it  to  that  species. 


GASTROPODA 

Superfamily  BELLEROPHONTACEA  M'Coy,  1851 
Family  SINUITIDAE  Dali,  1913 
Subfamily  EUPHEMITINAE  Knight,  1956 
Genus  EUPHEMITES  Warthin,  1930 

Euphemites  kingi  Yochelson,  1960 

Euphemites  kingi  Yochelson,  1960,  Bull.  Am.  Mus.  Nat.  Hist.,  Vol . 

119,  Art.  4,  p.  248,  pi.  47,  figs.  5-11. 

Hypodigm:  One  complete  specimen . Figured  hypotype  UCMP  10122. 
Description:  Shell  laterally  compressed,  having  an  ovoid  outline; 
aperture  narrow,  with  distinct  slit  about  4 mm  deep  on  outer  lip;  about 
13  narrow,  closel y spaced  lirae  in  aperture  extending  adaperturally  about 
one-quarter  of  circumference  of  outer  whorl  where  most  lirae  terminate, 
with  a few  fine  lirae  continuing  for  an  additional  half  of  whorl 
circumference;  selenizone  wide,  covering  one-qjarter  of  the  width  of 
shell,  and  bordered  by  two  indistinct  lirae;  lateral  lips  sickle-shaped; 
specimen  10  mm  in  width,  15  mm  in  diameter. 
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Discussion:  Ti  e compressed  form  of  the  shell,  and  the  number,  form,  and 

extent  of  the  lirae  are  diagnostic  for  E.  kingi . The  available  material 
appears  identical  to  specimens  described  and  illustrated  by  Yochelson. 

Genus  EUPHEMITOPSIS  Yochelson,  1960 

Euphemitopsis  subpapillosa  (White),  1876 
Figures  9- 1 3 

Bel lerophon  carbonarius  Cox,  var.  subpapil losa  White , 1876,  U.  S.  Geol . 

and  Geog.  Surv.  Terr . , Report  on  the  Geol  . of  the  Uinta  Mts. , p.  92 . 
Euphemites  subpapil  losa  (White),  Knight,  1953,  in  Cooper  et  al . , 
Smithsonian  Misc.  Coll.,  Vol . 119,  No.  2,  p.  85,  pi.  25A,  fig.  6, 
not  figs.  1-5,  7-8. 

Euphemi  topsis  subpapi  I losa  (White),  Yochelson,  1960,  Am.  Mus.  Nat. 

Hist.  Bull.  119,  Art.  4,  p.  254,  pi.  48,  figs.  13-14. 

Hypodigm;  About  100  specimens.  Figured  specimens  are  hypotypes 
UCMP  10123-10126. 

Description:  Shell  globose,  tightly  coiled,  and  approximately  as  wide 

as  high;  outer  lip  with  wide  and  shallow  sinus,  cut  by  deep  narrow  slit; 
lateral  lips  strongly  curved  and  sickle-shaped;  selenizone  wide  in 
juvenile  specimens,  widening  less  than  shell  during  growth,  and  is 
proportionally  narrower  in  adult  whorls;  selenizone  bordered  by  two 
narrow  lirae  that  merge  into  rounded  lirae  extending  into  aperture;  one 
short  narrow  lira  is  often  present  at  center  of  selenizone  on  adult  shells, 
limited  in  length  to  about  one-third  of  circumference,  and  located 
directly  opposite  aperture,  but  extending  neither  to  aperture  nor  to  outer 
lip;  about  14  lirae  within  aperture  with  lateral  ones  somewhat  nodose; 
lirae  quite  narrow  and  sharp  on  young  whorls,  becoming  more  rounded 
and  more  nodose  on  later  whorls;  lirae  within  aperture  change  abruptly 
from  sharp  elevations  to  unconnected  lines  of  nodes,  becoming  more 
nodose  closer  to  aperture  on  later  whorls;  eight  to  ten  lines  of  distinct 
nodes  in  widely  spaced  rows  developed  on  large  shells;  nodes  uniform  in 
size  and  well  developed,  some  aligned  in  secondary  rows  parallel  to 
aperture;  size  ranging  from  tiny  juveniles  to  adults  15  mm  in  width  and 
diameter . 

Discussion:  In  the  original  designation  of  this  species.  White  included 
many  similar  forms  from  several  localities,  some  of  which  Knight  first 
illustrated  in  1953.  Of  the  specimens  Knight  illustrated  only  the  lectotype 
fits  the  concept  of  the  species  as  presently  understood,  and  the  other  forms 
fit  into  species  described  since  or  still  undescribed.  Euphemitopsis 
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subpapillosa  includes  forms  in  which  the  lirae  extend  out  no  more  than 
one-half  the  circumference  of  the  outer  whorl  where  some  of  them  break 
into  small,  sharp,  well  spaced  nodes  which  are  not  connected  by  any 
vestige  of  a rib.  These  features  are  seen  on  the  illustration  of  the 
lectotype.  Knight  described  the  lirae  as  few  (8-12)  and  well  spaced. 
Yochelson's  (1960)  illustrations  of  hypotypes  are  the  first  illustrations 
which  show  enough  characters  to  distinguish  E.  subpapillosa  from  other 
species  of  Euphemitopsis. 

The  variation  in  Euphemitopsis  (Knight,  1953;  Yochelson,  1960)  and 
the  closely  defined  species  within  the  genus  prompt  an  examination  of  the 
variation  in  this  sample  of  Euphemitopsis  subpapillosa.  The  most  significant 
variation  is  ontogenetic.  This  ontogeny  involves  a gradual  increase  in  the 
number  of  nodes  on  the  outer  whorl,  associated  with  a decrease  in  the 
length  of  the  lirae.  The  density  of  the  nodes  varies  little  during  growth, 
making  this  character  a good  one  for  specific  determination.  The  size  of 
the  individual  nodes  increases  slightly  but  not  markedly  with  increasing 
shell  size.  The  width  of  the  selenizone  is  proportionally  smaller  on  later 
whorls,  and  the  shell  proportions  change,  becoming  wider  on  later  whorls. 
Lirae  are  sharper  in  outline  on  young  individuals,  becoming  more  rounded 
on  later  whorls.  The  lira  segment  located  in  the  center  of  the  selenizone 
was  seen  only  on  mature  specimens.  Many  of  these  ontogenetic  variations 
are  shared  with  other  species  of  Euphemitopsis.  Within  the  population 
described  here,  individualsof the  same  size  show  minor  variations,  mostly 
in  the  placement  of  individual  nodes  and  in  the  presence  of  eight  or 
ten  rows  of  nodes.  Designation  of  species  on  the  basis  of  degree  of  noding 
appears  to  be  a highly  useful  approach. 

Superfamily  EUOMPHALACEA  de  Koninck,  1881 
Family  EUOMPHALIDAE  de  Koninck,  1881 
Genus  STRAPAROLLUS  de  Montfort,  1810 
Subgenus  LEPTOMPHALUS  Yochelson,  1956 

Straparollus  (Leptomphalus)  arcturus  Yancey,  new  species 
Figures  1-8 

Hypodigm:  65  specimens,  from  juveniles  to  gerontic  adults.  Designated 
types:  holotype  UCMP  10113,  figured  paratypes  UCMP  10114-10116, 
and  unfigured  paratypes  UCMP  101 17-10121  . 

Description:  Shell  small,  discoidal;  spire  depressed  with  apex  lying  close 
to  or  below  median  plane  of  outer  whorls,  in  some  individuals  almost  in 
line  with  the  base  of  outer  whorl;  widely  phaneromphalous,  with  umbilical 
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angle  between  150  and  180°;  sutures  shallow  and  slightly  impressed  on 
top  and  bottom;  both  young  and  mature  whorls  bilaterally  symmetrical  in 
cross  section;  whorl  narrowest  near  suture,  increasing  slightly  in  inflation 
outward  to  angulations  near  outer  edge  of  whorl;  upper  angulation  strong 
and  lower  angulation  weak;  basal  angulation  intermediate  in  cross-section 
between  a true  angulation  and  a low  spiral  rib;  whorls  with  evenly  rounded 
distal  face;  top  surface  of  whorl  flat,  basal  surface  flat  or  slightly  rounded; 
shell  wall  thickens  outward  from  angulations,  forming  a thicker  shell  wall 
distally;  growth  lines  orthocline,  or  gently  opistocyrt  on  later  whorls, 
extending  outward  to  angulations,  there  bending  into  sharply  defined  but 
shallow  sinuses  on  both  top  and  bottom  of  whorl;  beyond  sinuses  growth 
lines  curve  forward  to  the  periphery  forming  slightly  projecting  outer  lip; 
upper  lip  of  aperture  produced  slightly  forward  over  lower  lip;  each 
successive  whorl  about  50  percent  wider  and  50  percent  thicker  than 
preceding  whorl;  reaches  12-14  mm  in  greatest  diameter;  no  instance  of 
node-formation  was  observed. 

Discussion:  The  species  is  easily  distinguished  from  all  other  American 
discoid  species  of  Straparollus  by  the  combination  of  rounded  whorls  and 
positioning  of  apex  of  spire  at  or  below  the  median  plane  of  the  shel I . 

The  hyperstropic  coiling  of  this  species  is  unique  in  Straparollus 
(Leptomphal us) . It  varies  from  definitely  hyperstrophic  to  truly  bilaterally 
symmetrical,  with  most  individuals  being  slightl  y hyperstrophic . The 
growth  lines  are  symmetrical  on  top  and  bottom  of  the  whorl,  with  a sinus 
of  equal  size  and  magnitude  on  both  angulations.  In  cross  section  the 
whorl  profile  has  an  elongated  pentagonal  form,  but  owing  to  thickening 
of  the  shell  wall  at  the  angulations,  the  internal  shape  of  the  whorl  has  a 
more  rounded  form.  The  thickened  shell  wall  on  the  distal  face  of  the 
whorl  is  perhaps  a feature  to  be  expected  in  other  species  of  the  subgenus. 
In  the  sample  examined  a very  thin  outer  shell  layer  is  often  exfoliated 
and  the  suture  appears  deeper  than  normal . 

The  juvenile  whorls  are  nearly  round,  with  weak  angulations,  and 
they  only  gradually  acquire  the  features  that  distinguish  the  adult  whorls. 
By  the  third  whorl  the  basic  pentagonal  outline  is  discernible.  Large 
specimens  are  12-14  mm  in  diameter  and  have  five  or  six  whorls,  the 
thickness  of  the  outer  whorls  reaching  4 mm.  The  protoconch  consists  of 
a rounded  closure  to  the  first  whorl,  in  some  specimens  consisting  of  a 
chamber  slightly  larger  than  the  first  whorl  . It  is  inconspicuous  and  lies 
entirely  within  the  plane  of  the  first  whorl . 
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The  only  other  described  American  species  assigned  to  the  subgenus 
Leptomphalus  is  Straparollus  (Leptomphalus)  micidus  Yochelson,  likewise 
known  from  silicified  material  . S.  (L .)  arcturus  differs  from  S . (L.) 
micidus  in  having  the  apical  whorls  below  the  median  plane,  in  the  distal 
whorl -face  being  rounded  as  opposed  to  the  slight  shelving  of  S . (L.) 
micidus  (see  Yochelson,  1956),  and  in  having  stronger  angulations,  both 
on  top  and  bottom.  The  two  species  appear  to  be  closely  related.  The 
presence  of  a sinus  in  the  upper  angulation  of  S.  (L.)  micidus  is  to  be 
expected,  but  whether  it  has  one  on  the  base  needs  to  be  determined. 

The  feature  showing  the  greatest  variation  is  the  positioning  of  the 
apical  whorls.  There  are  extremes  of  placement  from  slightly  above  the 
median  plane  of  the  shell  to  almost  as  low  as  the  lower  surface  of  the 
outer  whorl . The  predominant  position  is  distinctly  below  the  median 
plane,  resulting  in  an  imperfect  bilateral  symmetry.  Width  of  the  initial 
apical  whorl  is  as  much  as  25  percent  of  the  width  of  the  adult  whorl . 

Older  whorls  often  show  a tendency  to  depart  from  earlier  coiling 
symmetries  and  begin  to  coil  downward. 

Other  characters  show  minor  variation.  The  lower  angulations  are 
usually  directly  below  the  upper  angulations,  although  in  a few  individuals 
they  vary  slightly  from  this  alignment.  The  lower  whorl  surface  is  somewhat 
rounded  inward  from  the  angulation  and  the  position  of  the  basal  angulation 
influences  the  amount  of  rounding,  producing  a flattened  appearance  if  it 
is  located  inward  from  its  normal  position,  and  a more  rounded  appearance 
if  it  is  placed  outward.  The  growth  lines  may  show  minor  variation  from 
an  orthocline  position  on  the  later  whorls.  This  was  noted  on  the  whorls 
of  four  of  the  larger  shells,  three  having  opisthocyrt  growth  lines,  and 
one  with  prosocyrt  growth  lines.  This  deviation  from  orthocline  form 
appears  to  be  a character  of  old  age. 

It  is  apparent  in  the  many  species  of  the  subgenus  that  there  is  a 
great  diversity  of  form  within  Straparollus  (Leptomphalus)  and  that  three 
different  subgroupings  can  be  distinguished  within  it.  The  North  American 
species  S.  (L.)  arcturus  and  S.  (L.)  micidus  constitute  the  typological 
subgroup;  that  is,  the  one  including  the  type  of  the  subgenus.  Another 
subgroup  can  be  distinguished  in  the  Asian  species,  characterized  by 
S.  (L.)  kweitingensis  (Graubau)  and  S.  (L.)  pusillus  (Waagen).  In  these 
species  the  whorls  enlarge  rapidly  in  height  and  width,  with  each 
succeeding  whorl  about  twice  as  wide  and  thick  as  its  predecessor.  A 
large  body  whorl  gives  this  subgroup  a distinctly  different  appearance. 
Coiling  within  this  subgroup  is  exactly  bilaterally  symmetrical . A third 
subgroup  is  represented  by  the  German  species  S.  (L„)  discomphalus  (Dietz) 
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and  S.  (L.)  rennstiegensis  (Dietz).  They  have  a discoid  shape  with  the 
adult  body  whorl  abruptly  coiling  downward  out  of  the  earlier  plane  of 
coiling  so  that  it  does  not  cover  all  of  the  preceding  whorl  and  instead 
projects  below  it.  The  growth  line  on  the  upper  face  of  the  whorl  is 
strongly  opisthocyrt  with  a large  sinus  close  to  the  suture.  Thus  three 
subgroups  are  fairly  distinct,  and  it  seems  certain  that  within  each  subgroup 
the  species  are  closely  related  phyleti cal  I y . There  are  not  enough  species 
known  to  determine  the  full  extent  of  the  subgroups,  and  their  complex 
relation  to  Straparollus  (Euomphalus)  needs  clarification.  The  gradation 
in  form  from  species  of  Straparollus  (Leptomphalus)  to  species  of 
Straparollus  (Euomphalus)  indicates  the  possibility  of  a polyphyletic  origin 
for  Straparollus  (Leptomphalus)  as  currently  defined,  with  each  subgroup 
representing  a different  lineage. 

Severcl  species  intermediate  in  form  between  the  large  North 
American  euomphalids  and  the  North  American  leptomphalids  form  a 
heterogeneous  complex  whose  members  have  few  affinities  to  one  another. 
None  of  these  species  are  truly  transitional  between  the  euomphalids  and 
leptomphalids.  They  each  have  depressed  apical  whorls,  which  suggests 
that  depression  of  the  apical  whorls  was  a trend  occurring  in  a large 
complex  of  unrelated  or  distantly  related  species,  which  in  turn  gave  rise 
to  the  bilaterally  symmetrical  forms.  Such  bilaterally  symmetrical  forms 
could  have  arisen  independently  from  several  groups,  and  the  existence 
of  several  subgroups  of  species  currently  assigned  to  Straparollus 
(Leptomphalus)  is  suggestive  of  such  an  origin. 

Superfamily  MURCHISONIACEA  Koken,  1896 
Family  MURCHISONIIDAE  Koken,  1896 
Genus  GONIASMA  Tomlin,  1930 

Goniasma  cf.  G.  geminocarinata  (Chronic),  1952 
Figure  16 

Murchisonia  geminocarinata  Chronic,  1952,  Geol . Soc . Am.  Bull.  63, 
p.  123,  pi.  4,  figs.  12-14. 

Goniasma  geminocari nata  (Chronic),  Batten,  1964,  Am.  Mus.  Novitates 
No.  2165,  p.  14,  figs.  16-18. 

Hypodigm:  Five  incomplete  specimens.  Figured  specimen  is  hypotype 
UCMP  10128. 

Description:  Shell  tall,  high  spired,  small,  with  as  many  as  ten  or  more 
whorls;  whorls  very  short,  almost  twice  as  wide  as  high,  with  slightly 
impressed  sutures;  aperture  not  preserved;  succeeding  whorls  oppressed 
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to  a spiral  rib  on  the  basal  portion  of  preceding  whorl;  slight  shoulder 
developed  immediately  below  the  suture;  whorl  profile  concave  from 
below  suture  to  upper  edge  of  the  selenizone,  and  carrying  several  fine 
spiral  ribs;  selenizone  contained  between  two  closely  spaced  spiral  carinae 
after  the  4th  whorl,  the  lower  carina  projecting  farther  than  the  upper  one 
on  young  whorls  of  less  than  1 .7  mm  in  diameter  and  the  upper  one 
projecting  farther  than  the  lower  one  on  larger  whorls;  no  evidence  of 
node  formation  on  the  selenizone  on  whorls  up  to  2.2  mm  in  diameter; 
below  the  selenizone  the  whorl  profile  is  sharply  concave,  bearing  a few 
fine  spiral  ribs,  and  one  prominant  spiral  rib  just  above  the  suture; 
selenizone  located  regularly  at  two-thirds  the  whorl  height  below  suture; 
growth  lines  start  normal  to  suture  then  curve  backwards  into  the  selenizone; 
growth  lines  below  selenizone  unknown;  height  of  figured  specimen  5.65 
mm,  and  width  of  largest  whorl  2.2  mm;  incomplete  unfigured  specimens 
reach  a maximum  whorl  diameter  of  3.5  mm. 

Discussion:  The  specimens  are  morphologically  close  to  Goniasma 
geminocarinata,  particularly  juvenile  specimens,  as  described  and 
figured  by  Chronic,  especially  in  details  of  the  whorl  profile  and  ribbing. 
Juvenile  portions  of  the  shell  differ  from  adult  portions,  the  former  having 
a smaller  spire  angle  and  having  the  selenizone  bordered  by  two  carinae 
which  are  not  noded  until  the  whorl  diameter  reaches  2-3  mm  (measurement 
determined  from  illustrations  by  Chronic).  The  spire  angle  on  hypotype 
UCMP  10128  is  13°,  almost  identical  to  that  of  fig.  12  of  Chronic  of  a 
juvenile  specimen.  The  larger  specimens  that  Chronic  illustrated  also 
show  the  juvenile  portions  of  the  shell  to  be  higher  spired  than  the  adult 
portions.  Hypotype  10128,  with  whorls  up  to  2.2  mm  in  diameter,  does 
not  possess  nodes  on  the  selenizone,  and  whorls  3.5  mm  in  diameter  on 
other  fragmentary  specimens  lack  nodes.  The  Sack  of  nodes  on  whorls  of 
this  diameter  is  not  characteristic  of  the  type  of  G.  geminocarinata. 

The  number  of  whorls  on  the  juvenile  portions  of  the  shell,  at  least 
10,  is  greater  than  recognized  by  Chronic  or  Batten.  The  smallest  three 
or  four  preserved  whorls  on  hypotype  10128  have  a larger  spire  angle, 
approaching  30°,  than  that  of  the  whole  specimen.  The  development  of 
the  carinae  bordering  the  selenizone  is  complex.  On  the  earliest  whorls 
a single  carina  is  present  with  a secondary  and  smaller  rib  appearing 
above  the  main  rib  on  whorls  of  about  1.2  mm  diameter.  The  upper  carina 
becomes  strong,  equals,  then  surpasses  the  Iowa-  one  in  size.  On  whorls 
larger  than  1 .8  mm  diameter  (to  3.5  mm),  the  upper  carina  is  larger  than 
the  lower. 
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The  major  difference  between  these  specimens  and  the  types  of  G. 
geminocarinata  is  the  absence  of  nodes  on  the  selenizone  on  whorls  of 
2-4  mm  diameter.  The  strongly  developed  upper  carina  may  also  be  a 
significant  character.  The  available  specimens  are  juveniles,  and  larger 
specimens  must  be  obtained  to  determine  if  these  characters  continue  into 
larger  whorls. 

Goniasma  sp. 

Figure  17 

Hypodigm:  One  incomplete  specimen.  Hypotype  UCMP  10129. 
Description:  Tall,  high  spired,  small,  with  four  whorls;  apical  whorls 
missing;  whorls,  including  body  whorl,  very  short  and  almost  twice  as 
wide  as  high;  sutures  slightly  impressed;  aperture  wedge-shaped,  with 
rudimentary  canal;  inner  lip  of  aperture  with  a sharp  angulation  of  about 
130°  to  140°  formed  by  the  sloping  basal  surface  of  adjacent  whorl  and 
vertical  columella;  siphonal  canal  rudimentary,  consisting  of  a simple 
angulation  between  inner  and  outer  lips;  succeeding  whorls  oppressed  to 
a spiral  rib  on  the  basal  portion  of  preceding  whorl;  growth  lines  unknown; 
slight  shoulder  immediately  below  suture;  whorl  profile  seemingly  even 
from  suture  to  upper  edge  of  selenizone,  flattens  across  a wide  carina, 
then  is  inclined  toward  suture;  selenizone  contained  in  a wide,  smooth, 
flat  carina;  a spiral  rib  present  just  above  suture;  base  of  body  whorl  with 
a few  strong  spiral  ribs;  height  4.80  mm;  greatest  diameter  2.5  mm;  spire 
angle  17°  . 

Discussion:  This  specimen  differs  from  those  assigned  to  Goniasma 
geminocarinata  (Chronic)  by  the  large  and  blunt  carina,  with  a flat, 
smooth  outer  surface.  The  carina  (containing  the  selenizone)  is  wider 
than  in  G.  geminocarinata.  On  whorls  of  equal  diameter  with  those  on 
specimens  of  G . cf.  G . geminocarinata,  there  is  no  indication  of  double 
carinae.  The  largest  whorl  (about  2.5  mm  diameter)  shows  a slight 
irregularity  on  the  carina  suggestive  of  undulations. 

Superfamily  SUBULITACEA  Lindstrom,  1884 
Family  MEEKOSPIRIDAE  Knight,  1956 
Genus  MEEKOSPIRA  Ulrich,  1897 

Meekospira  ? sp. 

Figures  14-15 

Hypodigm:  One  crushed  but  complete  specimen.  Hypotype  UCMP  10127. 
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Description:  Shell  high  spired;  six  inflated,  rounded  whorls,  body  whorl 
a little  larger  than  earlier  whorls;  shell  very  thin  and  covered  with  many 
low,  broad,  spiral  ribs  separated  by  incised  spiral  lirae;  sutures  deeply 
impressed;  aperture  ovoid,  with  the  lower  part  of  inner  lip  reflexed 
outward;  growth  lines  unknown;  7.5  mm  in  height,  3.2  mm  in  greatest 
whorl  diameter. 

Discussion:  This  specimen  has  the  low  spire  angle  and  relatively  small 
body  whorl  typical  of  species  of  Meekospira,  and  resembles  Meekospira 
knighti  Winters  closely  in  whorl  proportions,  spire  angle,  and  shell  outline, 
but  it  is  dissimilar  in  its  greater  whorl  inflation  and  its  possession  of  spiral 
ribs.  These  last  two  characters  suggest  a relation  to  the  Carboniferous 
genus  Aclisina,  but  no  trace  of  a selenizone  is  apparent  in  the  aperture 
of  the  specimen.  Furthermore,  no  genera  in  the  family  Meekospiridae 
are  known  to  include  species  with  ornament  on  the  shell.  Several 
possibilities  exist  for  the  classification  of  this  specimen;  it  may  be  an 
ornamented  species  of  the  genus  Meekospira  (requiring  an  emendation  of 
the  genus  definition),  it  may  be  related  to  Aclisina,  or  it  belongs  in  a 
separate  undescribed,  ornamented  meekospirid  genus.  The  ornamentation 
is  very  inconspicuous  and  only  because  the  quality  of  preservation  is 
excellent  can  it  be  seen.  Observed  lack  of  ornamentation  on  species  of 
Meekospira  could  well  be  due  to  a lack  of  sufficiently  well  preserved 
material  for  the  determination  of  fine  details. 
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Straparollus  (Leptomphalus)  arcturus  Yancey  n.  sp. 

Figs.  1-3.  Holotype,  top,  bottom  and  apertural  views,  X 3,  UCMP  10113. 

Figs.  4-6.  Paratype,  top,  bottom  and  apertural  views,  X 3,  UCMP  10114. 

Fig.  7.  Paratype,  bottom  view,  X 3,  UCMP  10115. 

Fig.  8.  Paratype,  bottom  view,  X 3,  UCMP  10116. 
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12  13 

Euphemitopsis  subpapillosa  (White) 

Figs.  9-10.  Hypotype,  adapertural  and  apertural  views,  X 3,  UCMP  10123. 

Fig.  11.  Hypotype,  lateral  view,  juvenile  specimen,  X 3,  UCMP  10124. 

Fig.  12.  Hypotype,  apertural  view,  X 3,  UCMP  10125. 

Fig.  13.  Hypotype,  adapertural  view,  X 3,  UCMP  10126. 
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19  20 

Meekospira  ? sp. 

Figs.  14-15.  Hypotype,  adapertural  and  apertural  views,  X 6,  UCMP  10127. 

Goniasma  cf.  G.  geminocarinata  (Chronic) 

Fig.  16.  Hypotype,  X 6,  UCMP  10128. 


Goniasma  sp. 

Fig.  17.  Hypotype,  X 6,  UCMP  10129. 

Palaeonucula  levatiformis  (Walcott) 

Fig.  18.  Hypotype,  exterior  of  right  valve,  X 6,  UCMP  10130. 
Fig.  19.  Hypotype,  exterior  of  left  valve,  X 6,  UCMP  10131  . 
Fig.  20.  Hypotype,  exterior  of  left  valve,  X 6,  UCMP  10132. 
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AN  INVESTIGATION  OF  THE  DIATOMS  FROM 
FOUR  TERTIARY  LAKE  BED  DEPOSITS  IN  WESTERN  NEVADA 

BY  GUNILLA  SMEDMAN 

In  an  attempt  to  evaluate  the  development  of  the  diatom  flora  for  its 
potential  use  in  stratigraphic  correlations,  samples  from  a succession  of 
late  Tertiary  lake  bed  deposits  in  western  Nevada  (see  index  map.  Fig.  I) 
were  investigated  qualitatively  and  quantitatively.  To  meet  the 
requirements  for  such  an  investigation,  the  stratigraphy  should  be  well 
defined  and  dated  by  mammals,  leaves,  or  potassium-argon  dating;  the 
ecological  conditions  postulated  for  the  different  localities  should  also  be 
as  similar  as  possible.  These  requirements  are  fulfilled  for  the  sections 
at  Aldrich  Station  and  Stewart  Valley.  However,  the  age  of  the  Buffalo 
Canyon  and  lone  Road  localities  is  more  uncertain.  At  all  four  localities 
samples  were  collected  through  the  section  from  the  oldest  part  to  the 
youngest,  with  special  interest  shown  wherever  changes  in  the 
sedimentation  occurred. 

Each  sample  was  treated  with  10%  hydrogen  peroxide  in  a boiling 
water  bath  for  5-15  minutes.  The  mounting  medium  was  Caedax. 
Approximately  200  diatoms  were  analyzed  in  each  sample  with  a Zeiss 
photomicroscope  under  X800  magnification. 

DISCUSSION  OF  DIATOMS  BY  LOCALITY 

Aldrich  Station  Locality.  The  Aldrich  Station  Formation  has  been 
mapped  and  described  by  D.  I.  Axelrod  (1956),  and  determined  to  consist 
of  fluvio-lacustrine  deposits  of  siliceous  shales,  diatomacecus  shales, 
siltstone,  sandstone  and  volcanic  pebble  beds  formed  during  the  late 
Barstovian  to  the  early  Clarendonian.  Samples  for  diatom  analyses 
(table  1)  were  collected  from  units  A 2 through  A 5 (see  map.  Fig.  2,  of 
Axelrod,  1956).  Units  A 2,  A 4 and  A 5 are  lacustrine,  and  unit  A 3 
is  fluviatile  in  origin.  Three  samples  were  examined  from  A 2 but  no 
diatoms  were  found.  In  the  five  samples  analyzed  from  A 3,  diatoms 
were  found  only  in  the  upper  part,  whereas  the  five  samples  from  A 5 all 
contained  diatoms.  Samples  in  the  lower  and  middle  parts  of  the  section 
comprising  unit  A 5 were  analyzed  in  detail . One  analysis  was  also  made 
of  the  lower  Pliocene  leaf  locality  at  Lewis  Coal  Mine  (locality  P3917, 
Fig.  2,  Axelrod,  1956). 
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Figure  1 . 


Index  map. 
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Diatoms  of  Aldrich  Station  are  represented  by  28  different  species 
(table  1)  all  belonging  to  a characteristic  fresh  water  flora.  Although  all 
species  are  still  extant,  some,  such  as  Coscinodiscus  lacustris  Grunow  and 
Melosira  granulata  (Ehrenberg)  Ralfs,  are  now  very  rare  in  this  area.  Five 
species  are  present  at  the  first  appearance  of  diatoms  in  the  upper  part  of 
A 3.  This  lower  part  of  the  total  section  contains  predominantly  centrales 
such  as  Melosira  and  one  species  of  Coscinodiscus,  viz.  C.  lacustris  which 
is  euryhaline.  The  latter  is  found  along  coasts,  river  mouths,  lakes  with 
high  salinity,  but  also  in  fresh  water  lakes  with  normal  salinity.  However, 
higher  in  the  section  but  still  in  the  upper  Miocene  (Units  A 4 and  A 5), 
the  high  values  of  M.  granulata  and  the  decreasing  percentage  of 
M.  islandica  Muller,  which  is  a coldwater  form,  may  indicate  a warmer 
period  and  a clear  alkaline  lake.  M.  granulata  disappears  in  the  Early 
Pliocene  (Unit  C 1). 

The  flora  of  Aldrich  Station  consists  mostly  of  planktonic  and  epiphytic 
diatoms;  only  two  benthonic  species  have  been  found:  Nltzschia  amphibia 
Grunow  and  Stauroneis  phoenicentron  Ehrenberg. 

Buffalo  Canyon  Locality.  Six  samples  were  analyzed  in  the  diatomite 
section  at  Buffalo  Canyon  situated  about  eight  miles  southeast  of  Eastgate, 
Nevada,  on  U . S.  Highway  50.  The  formation  is  unnamed,  but  the 
geology  of  the  area  is  being  studied  by  D.  I.  Axelrod.  The  leaf  flora  near 
the  base  of  the  section  is  mentioned  by  Axelrod  (1956)  who  considered  the 
flora  to  be  of  Barstovian  age.  Axelrod  (per.  comm.  Feb.  1968)  has  since 
obtained  a potassium  argon  date  of  about  16  million  years  B.P.  for  the 
tuffs  just  above  the  leaf  beds.  In  terms  of  North  American  Land  Mammal 
Chronology  this  places  the  lower  part  of  the  section  in  the  later 
Hemingfordian  or  earliest  Barstovian  (=Middle  Miocene). 

The  first  sample  (P  1,  table  2)  was  collected  at  the  leaf  locality  near 
the  base  of  the  section,  and  the  last  one  (P  6)  in  a bituminous  layer  which 
terminates  the  lake  bed  deposition.  Twenty-nine  species  of  fourteen 
genera  were  found.  Most  species  belong  to  an  ordinary  lake  flora.  Two 
exceptions  are  Achnanthes  hauckiana  Grunow  and  Synedra  tabulata 
(Agardh)  Kutzing  which  live  in  brackish  environments  near  shores  and  in 
river  mouths.  Both  are,  however,  euryhaline  and  thus  have  no  specific 
salinity  requirements.  Moreover,  both  are  known  to  occur  in  lakes  with 
high  salinity,  and  at  Buffalo  Canyon  only  a small  number  appear  in  two 
different  horizons.  Since  the  other  diatoms  are  ordinary  fresh  water 
inhabitants,  A.  hauckiana  and  S.  tabulata  might  have  had  less  specific 
requirements  in  the  past. 
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The  flora  of  the  base  of  the  section  contains  a very  high  percentage 
of  centrales  such  as  Melosira  and  includes  one  species  of  Coscinodiscus 
which  has  been  identified  as  being  a new  species,  C.  nevadensis  (Fig.  3). 
M . islandica  dominates  the  flora,  but  M . distans  Muller  is  also  very 
common.  In  the  middle  part  of  the  section  different  pennales  species  of 
Cymbella  appear,  and  M.  granulata  becomes  the  most  common  diatom. 

In  the  upper  part  of  the  section  the  presence  of  benthonic  forms  such  as 
Pinnularia  and  Navicula,  and  of  epiphytes  of  the  genus  Gomphonema, 
indicate  a decreased  water  depth  and  filling  of  the  lake  with  sediment. 

The  diatoms  of  Buffalo  Canyon  lived  in  an  eutrophic  alkaline  lake. 

lone  Road  Locality.  The  lone  Road  section  (table  3)  is  situated  about 
0.7  miles  northwest  of  Buffalo  Canyon.  It  consists  mainly  of  diatomite, 
tuff,  and  claystone.  It  was  deposited  in  the  same  lake  basin  as  the 
Buffalo  Canyon  section  and  is  stratigraphical I y above  the  Buffalo  Canyon 
section  with  approximately  500  feet  of  volcanic  material  separating  the 
two  localities.  The  lowest  part  of  the  lone  Road  section  consists  of 
lignitic  tuffaceous  clay  and  is  terminated  by  a lignitic  layer.  The 
similarity  in  the  diatom  flora  indicates  a close  relationship  between  the 
two  localities. 

Four  samples  were  collected  from  this  section.  The  oldest  one 
(P  1),  the  lignitic  tuffaceous  clay,  did  not  contain  diatoms.  In  the  other 
three  samples,  ten  genera  and  20  species  were  found.  Of  the  20  species, 
14  occur  at  Buffalo  Canyon.  The  additional  six  at  lone  Road  are 
Cymbella  gastroides  Kutzing,  Fragilaria  leptostauron  (Ehrenberg)  Hustedt, 
Navicula  cincta  (Ehrenberg)  Kutzing,  Nitzschia  linearis  Grunow,  and 
Synedra  pulchella  (Ralfs)  Kutzing. 

The  lone  Road  locality,  however,  is  somewhat  different  from  the 
other  three  localities.  M.  granulata  is  nonexistent  at  this  locality 
whereas  it  is  one  of  the  predominant  species  in  the  others.  The  only 
centrales  which  has  been  found  at  this  locality  is  M.  distans  var.  africana 
Muller  which  also  occurs  in  the  Buffalo  Canyon  section  but  in  much  smaller 
numbers.  Accordingly,  planktons  are  present  at  a much  lower  percentage 
in  the  lone  Road  section  than  in  the  other  sections,  and  epiphytes 
predominate.  A possible  explanation  may  be  that  the  lake  beds  at  this 
locality  were  deposited  near  the  shore  in  shallow  water.  S.  pulchella 
a«d  S.  tabulate,  which  are  common  in  brackish  water,  were  found. 
However,  both  are  euryhaline  and  may  therefore  survive  in  a lake  with  a 
moderately  low  salinity. 
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Composition  of  the  diatom  flora  indicates,  as  in  Buffalo  Canyon,  an 
eutrophic  (bodies  of  water  rich  in  mineral  nutrients  and  organic  materials, 
therefore  productive)  alkaline  lake,  suggesting  a close  relationship 
between  the  two  localities  in  time  as  well  as  environment. 

Stewart  Valley  Locality.  The  last  section  studied  was  the  diatomite 
in  Stewart  Valley  (table  4)  belonging  to  beds  commonly  referred  to  the 
Esmeralda  Formation.  The  geology  and  exact  locality  northwest  of  Cedar 
Mountain  is  described  by  Mawby  (1965,  unpublished  PhD  dissertation. 
University  of  California,  Berkeley).  The  diatomite  is  lithologic  unit 
Number  8 as  recognized  by  Mawby.  The  next  unit  above,  termed 
Clarendonian  by  its  mammals,  has  been  determined  by  a potassium-argon 
date  to  be  1 1 .5  mil  I ion  years  before  Present  (KA577,  Evernden  et  al . , 

1964).  The  diatomite  is  probably  Barstovian. 

Samples  representing  the  whole  diatomite  section  were  studied,  and 
analyses  were  performed  where  any  changes  in  the  sedimentation  or  the 
flora  were  suspected.  This  section  has  a total  of  13  genera  and  22  species. 
At  two  horizons  a new  species  of  Gomphonema  was  identified  which  is 
here  named  G.  leifum  (Fig.  4). 

All  Stewart  Valley  diatoms  belong  to  fresh-water  forms  except 
Coscinodiscus  lacustris,  which  also  occurs  at  Aldrich  Station.  In  both 
sections  it  appears  for  only  a short  time.  Achnanthes  saxonica  (de  Brfebisson) 
Grunow,  which  is  a rather  uncommon  species,  is  found  in  one  horizon. 

COMPARISON  OF  THE  DIATOM  FLORAS 

The  Stewart  Valley  and  Aldrich  Station  sections  are  approximately 
equivalent  in  age  (Late  Miocene),  and  there  are  several  resemblances  in 
their  diatom  floras.  Thirteen  of  the  species  at  Stewart  Valley  are  also 
present  at  Aldrich  Station.  Predominant  among  centrales  is  M.  granulata, 
which  reaches  about  900%  (counts  per  1000)  and  760%  at  Stewart  Valley, 
and  thus  it  is  the  most  common  diatom  in  the  two  sections.  Also  present  at 
both  localities  is  another  of  the  centrales,  C.  lacustris.  Pennales  common 
to  both  localities  are  Achnanthes  lanceolata  (de  Br&bisson)  Grunow, 
Cocconeis  placentula  Ehrenberg,  Fragilaria  brevistriata  Grunow, 

F.  construens  (Ehrenberg)  Grunow,  F.  pinnata  Ehrenberg,  and 
F.  virenscens  (Ehrenberg)  Grunow.  One  subspecies,  F.  pinnata  var. 
lancettula  (Schumann)  Hustedt,  is  present  in  three  of  the  six  horizons  at 
Aldrich  Station  and  throughout  the  Stewart  Valley  section.  In  addition  to 
the  earlier  mentioned  M.  granulata,  two  common  Melosira  species, 

M.  islandica  and  M.  italica  (Ehrenberg)  Kutzing,  are  present  at  the  two 
local  ities. 
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The  vast  majority  of  diatoms  of  Stewart  Valley  indicate  alkaline 
eutrophic  water.  However,  two  diatoms,  Cyclotel la  stelligera  Cleve  et 
Grunow  and  Diploneis  finnica  (Ehrenberg)  Cleve,  are  considered  to  prefer 
oligotrophic  (ponds  or  lakes  that  are  low  in  content  of  basic  nutritive 
substances  for  plants,  lacking  a distinct  stratification  of  dissolved  oxygen 
in  summer  or  winter)-dystrophic  (a  type  of  lake  or  pond  which  contains 
brown  water  with  much  humic  material  in  solution  and  with  a small  bottom 
fauna  characterized  by  pronounced  oxygen  consumption)  environments. 

Whether  the  13  species  which  are  present  at  Stewart  Valley  as  well 
as  Aldrich  Station  have  any  significance  for  age  determination  is  difficult 
to  ascertain  because  all  of  them  still  exist.  Because  the  environments  of 
the  two  localities  were  the  same,  their  diatom  floras  also  show  great 
similarities  even  if  they  did  not  correspond  in  time. 

CONCLUSIONS 

In  order  to  use  fresh-water  diatoms  for  accurate  stratigraphic 
correlations,  a more  extensive  investigation  is  required,  especially  since 
most  of  the  species  are  rather  common  and  still  extant.  Two  new  species, 
Coscinodiscus  nevadensis  and  G.  leifum,  occur  at  only  one  locality  and 
are  thus  of  little  stratigraphic  value  at  this  time. 

A summary  of  the  different  diatoms  present  during  Middle  and  Late 
Miocene  and  Early  Pliocene  is  shown  in  Figure  2.  Samples  older  than 
Middle  Miocene  do  not  contain  any  diatoms  in  the  investigated  area. 

A more  comprehensive  investigation  of  Early  Miocene  deposits  however 
would  reveal  their  presence,  especially  because  the  oldest  diatoms  found 
in  the  Middle  Miocene  are  well  developed  and  advanced.  The  general 
trend  from  centrales  in  the  Middle  Miocene  to  pennales  in  the  Early 
Pliocene  may  be  significant  in  the  development  of  the  flora. 

C . nevadensis  occurs  in  Middle  Miocene  and  G . leifum  in  Late  Miocene 
deposits,  and  as  mentioned  earlier,  they  have  very  short  ranges.  Two 
rather  uncommon  diatoms  are  C.  lacustris,  found  throughout  the  Late 
Miocene,  and  A.  saxonica,  also  found  only  in  the  Late  Miocene. 

M.  granulata,  which  is  one  of  the  index  fossils,  appears  throughout  the 
Middle  and  Late  Miocene.  Other  investigations  of  Middle  Miocene 
diatoms  (Lohman,  1936;  Krasske,  1934;  van  Landingham,  1964)  have  also 
reported  high  values  of  M.  granulata,  and  thus  it  once  had  a much  wider 
range  than  at  present.  In  the  Early  Pliocene  at  Aldrich  Station, 

M.  granulata  is  absent.  This  is  also  the  case  for  the  Middle  Miocene 
sample  of  lone  Road,  but  here  the  absence  of  M.  granulata  is  the  result 
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of  local  conditions.  Thus,  low  values  of  M.  granulata  do  not  necessarily 
exclude  Miocene  age. 

Correlations  with  earlier  investigations  on  Miocene  fresh-water 
diatoms  in  western  United.  States  (Lohman,  1936  and  1961;  van  Landingham, 
1964)  are  questionable,  especially  because  one  report  (Lohman,  1961) 
does  not  describe  the  short-ranging  extinct  species.  Thus,  further  and 
more  detailed  investigations  are  required  for  evaluating  the  significance 
of  diatoms  in  stratigraphic  correlations  over  large  areas. 


SYSTEMATIC  SECTION 


Coscinodiscus  nevadensis  n.  sp.  Fig.  3. 

Samples  from  Buffalo  Canyon  section  PI. 

Dimensions:  Diameter  35-80  microns;  areolae  12  in  10  microns;  marginal 
striae  16-20  in  10  microns. 

Center  is  a small  hyalin  area.  Valva  is  divided  into  5-7  sections  by 
dotted  rows  which  end  1/3  from  the  margin  with  a hyalin  spot.  The 
radial  rows  within  the  section  are  regular  to  1/3  from  the  margin  where 
they  break  up  into  more  or  less  irregular  punctuation.  The  margin  is 
striated. 

Gomphonema  leifum  n.  sp.  Fig.  4. 

Samples  from  Stewart  Valley  section  P10  and  P13. 

Dimensions:  Length  about  24  microns;  width  about  9 microns;  striae  12 
in  10  microns. 

Valva  breadth  lanceolate  with  cuneate  head.  Axial  aria  wide  occupying 
half  the  valva.  Striae  radial . 
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Coscinodiscus  nevadensis 
Melosira  distorts 
Melosira  distorts  v.  africana 
Tetrac/clus  rupestris 
Melosira  granulata 
Fragilaria  construens 
Melosira  islandica 
Achnanthes  hauckiana 
Cymbella  turgida 
Cymbella  cistula 
Cymbella  aspera 
Cymbella  ventricosa 
Fragilaria  brevistriata 
Fragilaria  pinnata 
Opephora  martyi 
Synedra  vaucheriae 
Coscinodiscus  sp. 

Synedra  tabulata 
Melosira  italica 
Achnanthes  lanceolata 
Nitzschia  amphibia 
Navicula  cincta 
Cymbella  tumida 
Cymbella  gastroides 
Gomphonema  acuminatum 
Gomphonema  gracile 
Gomphonema  parvulum 
Navicula  anglica  v.  subsalsa 
Nitzschia  linearis 
Pinnularia  major 
Pinnularia  microstauron 
Pinnularia  nodosa 
Synedra  pulchella 


MIDDLE 

MIOCENE 

LATE 

MIOCENE 

EARLY 

PLIOCENE 

— 

— 

— 
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Eunotia  pectinalis 
Fragilaria  leptostauron 
Fragilaria  viresens 
Stauroneis  phoenicentron 
Cocconeis  placentula 
Coscinodiscus  lacustris 
Fragilaria  pinnata  v.  lancettula 
Cyclotella  sfelligera 
Navicula  scutel loides 
Melosira  ambigua 
Tetracyclus  lacustris 
Fragilaria  intermedia 
Achnanthes  saxonica 
Cymbella  parva 
Eunotia  sudetica 
Melosira  arenaria 
Gomphonema  leifum 
Diploneis  finnica 
Achnanthes  exigua 
Achnanthes  kryophila 
Eunotia  faba 
Tabellaria  flocculosa 


MIDDLE 

MIOCENE 


LATE 

MIOCENE 


EARLY 
PLIOCENE 


Figure  2.  Occurrence  of  various  diatoms  from  Middle  Miocene  to 
Early  Pliocene. 


9 


no.  9 


ABBREVIATIONS  USED  IN  TABLES 


Agardh 

Braun 

de  Brdbisson 

Cieve 

Ehrenberg 

Gregory 

Grunow 

Hemprich 

H&riband 

Hustedt 

Krasske 

Kutzing 

Moore 

Muller 

Ostrup 

Petersen 

Rabenhorst 

Ralfs 

Roth 

Schumann 

Smith 

Van  Heurck 

Aga. 

Br. 

de  Brd. 

Cl. 

Ehr. 
Greg. 
Grun . 
Hem . 
HSri . 
Must. 
Kr. 

Ku . 

Mo. 

Mu. 

Os. 

Pe. 

Rab . 

Ra . 

Roth . 
Schu. 

Sm . 

Van  He . 

X 

less  than  0.5%. 
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Table  1.  Percentage  of  Diatoms  from  Aldrich  Station. 


Lithologic  Units  fide  Axelrod,  1956 

LATE  MIOCENE 

EARLY  PLIOCENE 

A3 

A4 

A5 

Cl 

PI 

P2 

P5 

P6 

P8 

P20 

Achnanthes  exigua  Grun 

2 

2 

A.  hauckiana  Grun 

X 

1 

A.  kryophila  Pe 

2 

A.  lanceolata  (de  Brd)  Grun 

1 

12 

2 

1 

A.  lanceolata  v.  rostrata  (Os)  Hust 

2 

Cocconeis  placentula  Ehr 

1 

3 

2 

3 

Coscinodiscus  lacustris  Grun 

3 

13 

Cymbella  turgida  (Greg)  Cl 

1 

Eunotia  faba  (Ehr)  Grun 

X 

E.  pectinalis  (Ku)  Rab 

1 

E.  sudetica  Mu 

1 

Fragilaria  brevistriata  Grun 

3 

10 

10 

7 

X 

F.  construens  (Ehr)  Grun 

35 

9 

42 

18 

51 

6 

F.  intermedia  Grun 

2 

F.  leptostauron  (Ehr)  Hust 

1 

F . pinnata  Ehr 

7 

10 

30 

21 

10 

F.  pinnata  v.  lancettuia  (Schu)  Hust 

1 

2 

1 

F . virescens  Ra 

1 

10 

10 

4 

1 

Melosira  ambigua  (Grun)  Mu 

51 

26 

M.  granulata  (Ehr)  Ra 

39 

315 

833 

520 

899 

M . islandica  Mu 

16 

11 

6 

8 

8 

M . ital  ica  (Ehr)  Ku 

8 

14 

M.  italica  v.  valida  Grun 

19 

Navicula  scutelloides  Sm 

1 

Nitzschia  amphibia  Grun 

6 

1 

11 

X 

Opephora  martyi  Heri 

1 

Stauroneis  phoenicentron  Ehr 

X 

Synedra  vaucheriae  Ku 

5 

X 

Tabellaria  flocculosa  (Roth)  Ku 

5 

Tetracyclus  lacustris  Ra 

1 

3 

1 

1 

X 

11 


no.  9 


Table  2.  Percentage  of  Diatoms  from  Buffalo  Canyon. 


MIDDLE  MIOCENE 

PI  P2 

P3 

P4 

P5 

P6 

Achnanthes  hauckiana  Grun 

1 

A.  lanceolate  (de  Bre)  Grun 

1 

Coscinodiscus  nevadensis  n.  sp. 

96 

C . sp . 

20 

2 

Cymbella  aspera  (Ehr)  Cl 

X 

C.  cistula  (Hem)  Grun 

X 

4 

1 

C . turgida  (Greg)  Cl 

44 

3 

C . ventricosa  Ku 

2 

11 

3 

C . sp. 

1 

3 

2 

Eunotia  pectinalis  (Ku)  Rab 

6 

Fragilaria  brevistriata  Grun 

X 

F.  construens  (Ehr)  Grun 

1 28 

5 

24 

F . pinnata  Ehr 

21 

7 

18 

6 

F . virescens  Ra 

2 

Gomphonema  gracile  Ehr 

3 

G.  parvulum  (Ku)  Grun 

27 

G . sp. 

X 

1 

3 

Melosira  distans  (Ehr)  Ku 

150 

M.  distans  v.  africana  Mu 

1 

M.  granulata  (Ehr)  Ra 

2 

185 

12 

51 

M . islandica  Mu 

2100 

68 

8 

33 

1 

M . ital  ica  (Ehr)  Ku 

7 

47 

Navicula  anglica  Ra  v.  subsalsa  Grun 

1 

N . sp. 

3 

Nitzschia  amphibia  Grun 

2 

Opephora  martyi  H£ri 

X 

Pinnularia  major  (Ku)  Cl 

2 

P.  microstauron  (Ehr)  Cl 

1 

P . nodosa  (Ehr)  Sm 

X 

P.  sp. 

X 

2 

Stauroneis  phoenicentron  Ehr 

2 

Synedra  tabulata  (Aga)  Ku 

X 

S.  vaucheriae  Ku 

X 

6 

1 

S.  sp. 

1 

Tetracyclus  rupestris  (Br)  Grun 

1 1 

X 
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Table  3.  Percentage  of  Diatoms  from  lone  Road. 


Achnanthes  lanceolata  (de  Br£)  Grun  v. 
A.  sp. 

Cymbella  aspera  (Ehr)  Cl 
C . gastroides  Ku 
C . tumida  (de  Brd)  Van  He 
C.  ventricosa  Ku 
C . sp. 

Eunotia  pectinalis  (Ku)  Rab 
Fragilaria  brevistriata  Grun 
F.  construens  (Ehr)  Grun 
F.  leptostauron  (Ehr)  Hust 
F.  pinnata  Ehr 
F . viresens  Ralfs 
Gomphonema  dccuminatum  Ehr 
Melosira  distans  v.  africana  Mu 
Navicula  cincta  (Ehr)  Ku 
N . sp. 

Nitzschia  amphibia  Grun 

N . linearis  Sm 

Synedra  pulchella  (Ralfs)  Ku 

S.  tabulate  (Aga)  Ku 

S.  vaucheriae  Ku 

Tetracyclus  rupestris  (Br)  Grunov 


elliptica  Cl 


MIDDLE  MIOCENE 

PI  P2 

P3 

P4 

1 

5 

2 

3 

1 

23 

3 

5 

1 

12 

127 

35 

X 

2 

1 

4 

3 

1 

24 

16 

5 

1 

15 

11 

5 

1 

1 

28 

55 

11 

1 

2 

3 

8 

1 

5 

1 

2 

3 

1 

2 
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Table  4.  Percentage  of  Diatoms  from  Stewart  Valley. 


Achnanthes  lanceolata  (de  Br£)  Grun 
A.  saxonica  Kr 
A.  sp. 

Cocconeis  placentula  Ehr 
Coscinodiscus  lacustris  Grun 
Cyclotella  stelligera  Cl  et  Grun 
Cymbella  parva  (Sm)  Cl 
C.  turgida  (Greg)  Cl 
Diploneis  finnica  (Ehr)  Cl 
Eunotia  sp. 

Fragilaria  brevistriata  Grun 
F.  construens  (Ehr)  Grun 
F . pinnata  Ehr 

F.  pinnata  v.  lancettula  (Schu)  Hust 
F . virescens  Ra 
Gomphonema  leifum  n.  sp. 

Melosira  arenaria  Mo 
M.  granulata  (Ehr)  Ra 
M.  islandica  Mu 

M.  italica  (Ehr)  Ku 
Navicula  scutelloides  Sm 

N . sp. 

Nitzschia  amphibia  Grun 
Tetracyclus  lacustris  Ra 
T.  rupestris  (Braun)  Grun 
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ABSTRACT 

A series  of  Allodesmus  mandibles  from  the  late  middle  Miocene 
Sharktooth  Hill  bonebed  in  the  Round  Mountain  Silt  of  Kern  County, 
California  forms  the  basis  for  a study  of  the  variation  in  a sample 
including  the  holotype  of  A.  kelloggi  Mitchell  (1966).  The  range  of 
variation  in  the  sample  encompasses  the  features  of  the  holotype  of  A. 
kernensis  Kellogg  (1922),  and  A.  kelloggi  is  therefore  considered  a 
junior  synonym  of  A.  kernensis.  The  mandibles  show  variation  in  the 
position  of  teeth  and  the  development  of  other  structures.  The  magnitude 
of  variation  is  comparable  to  that  in  a series  of  mandibles  of  the  living 
species  Zalophus  californianus  Lesson. 

INTRODUCTION 

Kellogg  (1922)  described  a new  genus  and  species  of  otariid, 
Allodesmus  kernensis,  on  the  basis  of  an  incomplete  mandible  from 
Miocene  sediments  east  of  Bakersfield,  Kern  County,  California.  In 
his  monograph  on  mammals  of  the  Sharktooth  Hill  bonebed  in  the  Round 
Mountain  Silt  (Diepenbrock,  1933;  Addicott,  1965;  =Temb!or  Formation 
in  the  terminology  of  Kellogg,  1922,  1931;  Mitchell,  1966),  Kellogg 
(1931)  assigned  several  additional  mandibles,  rostral  fragments,  and 
postcranial  elements  to  A.  kernensis.  None  of  the  mandibles  was 
complete.  Downs  (1953)  referred  a nearly  complete  mandible  from  the 
Sharktooth  Hill  bonebed  to  A.  kernensis.  Extensive  recent  quarrying  in 
the  bonebed  has  led  to  the  accumulation  of  a large  number  of  bones  of 
Allodesmus  in  collections  of  various  institutions,  and  the  genus  is  the 
most  completely  known  fossil  otariid.  In  1960,  Mitchell  made  an 
extensive  quarry  at  Sharktooth  Hill  and  collected  a nearly  complete 
skeleton  from  the  bonebed.  Mitchell  (1966)  referred  the  skeleton  and 
other  specimens  previously  reported  from  the  Sharktooth  Hill  bonebed  to 
a new  species,  A.  kelloggi,  and  restricted  A.  kernensis  Kellogg  to  the 
holotype,  which  Mitchell  (1966,  p.  34)  believed  to  be  distinct  from  the 
new  species  in  mandibular  features.  He  also  concluded  that  the  holotype 
of  A.  kernensis  was  collected  stratigraphically  lower  than  the  bonebed. 
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The  diagnosis  and  published  photographs  of  A.  kelloggi  Mitchell 
are  insufficient  to  adequately  distinguish  the  species  from  the  holotype 
of  A.  kernensis  Kellogg.  Diagnosis  of  the  species  A.  kelloggi  is  : 

"Lower  incisor  1 posterior  and  medial  to  incisor  2,  diastem  between 
lower  premolar  4 and  molar  1,  ascending  ramus  of  dentary  with  sharp 
lateral  flange  on  external  side,...".  Unfortunately  the  description  of 
the  positions  of  the  incisors  also  describes  the  arrangement  in  the 
holotype  of  A.  kernensis.  Other  diagnostic  features  of  the  A.  kelloggi 
holotype  are  subject  to  significant  individual  variation  among  other 
Allodesmus  mandibles  from  the  bonebed.  To  determine  whether  or  not 
that  variation  encompasses  the  characteristics  of  the  A.  kernensis 
holotype,  I have  qualitatively  and  quantitatively  analyzed  the  variation 
in  a sample  of  mandibles  from  the  bonebed,  consisting  of  specimens 
collected  by  Mitchell  and  myself  and  those  studied  by  Mitchell  and 
Kellogg.  A series  of  mandibles  of  Zalophus  cal ifornianus  cal ifornianus 
(Lesson)  was  studied  to  determine  the  amount  of  variation  in  a living 
species  of  otariid.  I have  also  investigated  the  stratigraphic  occurrence 
of  the  holotype  of  A.  kernensis. 
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METHODS 

A long  period  of  time  may  have  elapsed  during  the  accumulation 
of  bones  in  the  Sharktooth  Hill  bonebed,  and  the  sample  of  mandibles 
studied  here  may  represent  individuals  that  died  and  were  deposited 
over  a period  of  hundreds  or  thousands  of  years.  I assumed  however 
that  the  sample  is  representative  of  a population  and  based  discussions 
of  general  morphology  and  ontogenetic  change  on  this  premise. 

All  measurements  were  made  with  the  same  calipers  and  are 
given  to  the  nearest  millimeter.  Kellogg's  measurements  of  alveolar 
diameters  of  CAS  4395  are  consistently  smaller  than  those  that  I obtained, 
and  may  be  attributable  to  matrix  which  remained  in  the  alveoli  until 
the  present  study.  My  measurements  of  the  lengths  of  mandibular 


Fig.  1.  Some  dimensions  of  otariid  mandibles  used  in  this  study:  A, 
occlusal  view;  B,  labia!  view  of  left  mandible;  C,  lingual  view  of  right 
mandible.  1,  total  length,  mandibular  condyle  to  chin;  2,  greatest 
length  of  symphysis;  3,  greatest  breadth  of  symphysis;  4,  angle  between 
posterior  border  of  symphysis  and  top  of  alveolar  row;  5,  length  of 
alveolar  row,  C-M2;  6,  depth  of  horizontal  ramus  at  P^. 
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symphyses  are  generally  smaller  than  those  of  Kellogg  or  Downs.  I 
measured  only  the  rugose  portion  of  the  symphysis  and  did  not  extend 
the  measurement  to  include  the  ventral  extremity  of  the  genial  tuberosity, 
which  is  sometimes  variably  developed  and  not  involved  in  the  suturing 
of  the  mandibles.  The  outline  of  the  symphysis  proper  is  distinct  enough 
to  afford  measurements  which  may  be  duplicated  within  one  millimeter. 
Measurements  of  the  acute  angle  between  the  posterior  border  of  the 
symphysis  and  the  top  of  the  alveolar  row  can  be  repeated  with  an 
accuracy  of  from  one  to  two  degrees  (see  fig.  I). 

Text  abbreviations  are:  CAS  - California  Academy  of  Sciences, 
LACM  - Los  Angeles  County  Museum  of  Natural  History,  LACM(CIT)  - 
specimens  originally  in  California  Institute  of  Technology  now  housed  in 
Los  Angeles  County  Museum  of  Natural  History,  UCMP  - University  of 
California  Museum  of  Paleontology,  MVZ  - University  of  California 
Museum  of  Vertebrate  Zoology,  and  loc.  - locality. 

Abbreviations  used  in  statistical  tables  are:  N - number  of 
observations,  M - arithmetic  mean,  OR  - observed  range  of  values, 

S - standard  deviation,  X - the  measurement  in  question,  V - coefficient 
of  variation,  d - difference  from  mean.  Statistical  treatment  follows 
Simpson  and  Roe  (1939). 


SYSTEMATICS 

Genus  ALLODESMUS  Kellogg 
Allodesmus  kernensis  Kellogg 

Allodesmus  kernensis  Kellogg,  1922,  Univ.  Calif.  Pub.  Geol.  Sci., 
vol . 13,  p.  26. 

Allodesmus  kelloggi  Mitchell,  1966,  Univ.  Calif.  Pub.  Geol.  Sci., 
vol . 61 , p.  4. 

Type:  CAS  2472,  horizontal  ramus  of  right  mandible. 

Type  locality:  CAS  loc.  275.  Kellogg  (1922)  described  this  locality  as 
being  12  miles  from  Bakersfield  and  later  as  being  near  the  center  of 
Section  28,  Township  28  South,  Range  29  East  (Caliente  Sheet).  The 
two  descriptions  do  not  coincide  and  other  collecting  data  are  contra- 
dictory (see  Mitchell,  1966,  p.  23).  The  description  from  the  CAS 
locality  catalog,  "Kern  River  Miocene  Coll.,  Chas.  Morrice.  1 mile 
W.  of  Kern  River,  4 miles  above  Oil  City.",  is  little  more  definitive 
than  Kellogg's  description.  In  the  center  of  Sec.  28,  T.  28  S.,  R.  29  E., 
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surface  exposures  are  of  Round  Mountain  Silt  (Addicott,  1956,  pis.  4, 
10,  and  11).  Hanna  stated  (personal  communication,  22  November 
1968)  that  if  Charles  Morrice  did  collect  the  mandible,  CAS  2472,  it 
was  probably  found  at  Sharktooth  Hill  proper.  Sec.  25,  I.  28  S. , R.  28 
E.  Therefore,  if  any  of  the  locality  data  is  correct,  the  type  specimen 
was  collected  from  the  Round  Mountain  Silt. 

Referred  specimens: 

CAS  loc . 905 

"In  a fairly  coarse,  light  gray,  firm  sandstone  of  Anderson's 
zone  C,  the  uppermost  fossil  horizon  of  the  Temblor  Formation,  on  a hill 
west  of  Round  Mountain,  locally  known  as  one  of  the  Shark  Tooth  Hills. 
Near  latitude  35°  28'  North  and  longitude  119°  27'  West,  about  6.5 
miles  northeast  of  Bakersfield,  4 miles  east  of  the  Kern  River  Oil  Field 
and  0.5  mile  north  of  Kern  River,  Kern  County,  California.  Section  25, 
Township  28  South,  Range  28  East,  Caliente  Quadrangle,  United  States 
Geological  Survey."  (from  CAS  locality  catalog). 

Collected  in  1924  by  G D.  Hanna  and  C.  Morrice:  CAS  4395, 
horizontal  ramus  of  left  mandible;  CAS  4426,  incomplete  horizontal 
ramus  of  right  mandible;  CAS  4486,  horizontal  ramus  of  left  mandible; 
CAS  4487,  horizontal  ramus  of  right  mandible;  CAS  4488,  horizontal 
ramus  of  left  mandible;  CAS  4489,  anterior  end  of  right  mandible; 

CAS  4490,  anterior  end  of  left  mandible. 

C1T  loc.  49B 

"...  .about  9 miles  N.  E.  of  Bakersfield,  S.  E.  1/4  sec.  of  sec. 
23,  T 28  S,  R 28  E,  Mt.  Diablo  base  meridian. ..  .approximately  1 1/4 
miles  N.  W.  of  Sharktooth  Hill ... ."  (Downs,  1953). 

Collected  in  1927  by  California  Institute  of  Technology 
personnel:  LACM(CIT)  1204,  right  mandible  lacking  coronoid  process. 

LACM  loc.  1557  = UCMP  loc.  V-6323 

"...  .730  feet  east  and  1,193  feet  north  of  the  southwest  corner 
of  section  25,  T.  28  S.,  R.  28  E.,  Oil  Center  Quadrangle  (USGS, 

1954),  Kern  County,  California . " (Mitchell,  1966).  Approximate 
latitude  and  longitude  are  35°  27'  30"  N,  118°  55'  7.5"  W.  Elevation 
is  about  680  feet,  in  the  Sharktooth  Hill  bonebed.  Round  Mountain  Silt. 

Collected  1 October  1960  by  E.  D.  Mitchell,  J.  Arndt,  J.  H. 
Lipps,  and  A.  Warne:  LACM  4320,  complete  right  and  left  mandibles, 
belonging  to  a skeleton,  holotype  of  A.  kelloggi  Mitchell,  1966. 
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TABLE  1.  Measurements  of  AModesmus  mandibles  (in  cm  unless  indicated 
otherwise,  parentheses  indicate  estimated  measurements). 


CAS 

2472* 

CAS 

4395 

CAS 

4426 

CAS 

4486 

LACM 

21092 

Total  length,  glenoid  to  chin 

— 

— 

— 

— 

.... 

Length  alveolar  row,  C-M2 

14.1 

14.3 

— 

— 

11.2*** 

Length  of  symphysis 

(9.5) 

10.4 

— — 

-- 

7.8 

Breadth  of  symphysis 

4.2 

3.5 

— 

.... 

2.9 

Depth  of  ramus  at 

7.3 

6.6 

.... 

.... 

5.2 

Depth  of  ramus  at  P^ 

— 

6.3 

6.2 

(5.7) 

5.1 

Angle,  symphysis-alveolar  row 

45° 

40° 

— 

.... 

46° 

Anteroposterior  dia.  alveolus  lj 

0.9 

(1.2) 

— 

0.7 

" 0 n ■ 

'2 

1.4 

(l.D 

— 

— 

1.0 

" M " c 

3.1 

3.3 

— 

— 

2.2 

" M It  n 

1.6 

1.6 

— 

— 

1.4 

" « II  o 

p2 

1.7 

1.7 

— 

— 

1.4 

" " II  n 

P3 

1.7 

1.7 

(1.8) 

1.6 

1.6 

" H I'  D 

p4 

1.9 

1.9 

(1.7) 

1.7 

1.7 

" " " M, 

1.9 

1.5 

1.4 

1.4 

1.7 

" " " m2 

1.1 

1.1 

(0.9) 

1.0 

*** 

Length  C-P ] septum 

0.7 

0.7 

— 

.... 

0.4 

" p _p  11 

P1P2 

0.1 

0.1 

— 

— 

0.2 

" P2-P3  " 

0.1 

0.1 

— 

0.3 

0.1 

" P3-p4  " 

0.1 

0.2 

0.4 

0.5 

0.1 

" P4-M 1 " 

0.1 

0.6 

0.5 

0.6 

0.4 

" M^-M2  " 

* LJ  - 1 _ r a 11  . 

0.1 

0.2 

0.3 

0.1 

*** 

* Holotype  of  Allodesmus  kernensis  Kellogg,  1922. 
**  Holotype  of  Allodesmus  kelloggi  Mitchell,  1966. 
***  C-Mj,  M2  not  present. 
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LACM 

21753 

LACM 

(CIT) 

1204 

UCMP 

81708 

LACM 
4320** 
left  right 

UCMP 

81706 

UCMP 

81707 

UCMP 

81704 

CAS 

4489 

CAS 

4487 

CAS 

4488 

CAS 

4490 

— 

32.2 

31.0 

27.2 

27.6 

— 

— 

— 

— 

— 

— 

— 

12.8 

14.5 

14.6 

13.2 

13.2 

— 

— 

12.7 

— 

(11.0) (10.5) 

— 

8.2 

11.5 

8.7 

7.7 

7.7 

— 

7.8 

8.1 

(7.5) 

7.3 

(6.8) 

— 

2.8 

3.0 

2.7 

2.7 

— 

3.4 

(2.7) 

2.5 

2.9 

2.6 

(2.3) 

5.5 

6.6 

5.9 

5.1 

5.2 

5.9 

5.4 

5.2 

— 

4.6 

(4.2) 

(5.0) 

5.2 

6.7 

5.9 

5.2 

5.2 

5.7 

— 

5.0 

— 

4.6 

4.4 

— 

43° 

39° 

43° 

(45°)  (45°) 

— 

45° 

35* 

(40°) 

39° 

36° 

— 

0.7 

0.5 

1.1 

(0.9)  (0.8) 

— 

(1.0) 

0.9 

0.9 

0.9 

(0.6) 

— 

1.2 

0.7 

1.5 

1.2 

(0.9) 

— 

1.1 

— 

1.0 

1.2 

— 

— 

2.9 

2.8 

3.0 

2.6 

2.7 

— 

2.9 

(2.5) 

2.2 

2.7 

(2.5) 

— — 

1.4 

1.5 

1.5 

1.1 

1.2 

1.5 

1.4 

1.4 

1.5 

1.2 

1.0 

— 

1.6 

1.6 

1.6 

1.2 

1.3 

1.6 

1.6 

1.6 

1.6 

1.3 

1.3 

0.4) 

1.7 

1.5 

1.6 

1.3 

1.3 

1.6 

— 

1.5 

— 

1.4 

1.4 

0.4) 

1.8 

1.5 

1.8 

1.3 

1.3 

— 

— 

1.8 

— 

1.4 

1.3 

— 

1.7 

1.2 

1.4 

1.0 

1.1 

— 

— 

1.4 

— 

(0.9) 

(0.8) 

— 

0.8 

0.5 

1.2 

0.8 

0.8 

— 

— 

(0.9) 

— 

(0.4) 

— 

— 

0.1 

0.7 

0.8 

0.9 

(0.6) 

0.2 

0.6 

0.5 

0.4 

0.3 

— 

0.1 

0.2 

0.3 

0.3 

0.2 

0.1 

0.3 

0.1 

0.1 

0.2 

0.2 

0.1 

0.3 

0.2 

0.3 

0.2 

0.4 

0.3 

0.1 

0.2 

0.2 

(0.2) 

0.1 

0.5 

0.6 

0.4 

0.3 

— 

0.4 

— 

0.5 

0.5 

(0.4) 

0.2 

0.8 

1.2 

1.1 

— 

— 

0.3 

— 

0.6 

0.6 

— 

0.1 

0.1 

0.8 

0.7 

— 

— 

0.1 

— 

(0.2) 

— 

— 
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TABLE  2.  Tabulation  of  structures  in  Allodesmus  mandibles. 
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Sex 

male? 

male  ? 

male  ? 

male? 

r- 

n- 

female? 

a- 

male 

male? 

female? 

male? 

male  ? 

male? 

male? 

male  ? 

Inferred 

relative 

age 

adult 

adult 

D 

•a 

o 

adult 

subadult, 

immature 

immature 

mature 

subadult 

adult 

subadult 

subadult 

«*- 

”5 

T3 

O 

subadult 

subadult 

subadult 

subadult 

Coronoid 

process 

i 

i 

i 

i 

i 

1 

1 

1 

1 

1 

1 

1 

1 

6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

expanded 

1 

1 

1 

1 

1 

1 

1 

C 

IE 

4- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

thin 

Mandibular 

thickness 

thick 

thick 

medium 

medium 

c 

In 

thin 

medium 

c 

In 

■4- 

thick 

thin 

c 

In 

c 

IE 

•4— 

medium 

thick 

medium 

n 

IE 

Development 
of  genial 
tuberosity 

1 

1 

1 

1 

1 

strong 

strong 

1 

1 

1 

1 

1 

moderate 

slight 

1 

1 

1 

1 

1 

moderate 

strong 

si  ight 

moderate 

strong 

moderate? 

moderate 

slight 

strong 

Cheek  tooth 
root 

constriction 

advanced 

slight 

advanced 

advanced 

si  ight 

absent 

advanced 

moderate 

slight 

moderate 

si  ight 

advanced 

slight 

slight 

slight 

moderate 

%/i 

D 

CN  O 

5 5 

D 

large 

medium 

medium, 

deep 

medium 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

smal  1 

medium 

absent 

smal  1 

small 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

small 

M1 

root 

bi  lobed 

cylindrical 

bi  lobed 

bilobed 

cylindrical 

cylindrical 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

cylindrical 

bilobed 

bilobed 

double 

bilobed 

1 

1 

1 

1 

1 

! 

i 

double 

"e 

r-  4) 

. .2 
*D 

Cl  - 

smal  1 

moderate 

moderate 

moderate 

moderate 

moderate 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

large 

smal  1 

smal  1 

moderate 

smal  1 

1 

1 

1 

1 

1 

i 

i 

i 

i 

i 

moderate 

Specimen 

number 

CAS  2472 

CAS  4395 

CAS  4426 

ICAS  4486 

CAS  4487 

CO 

00 

< 

u 

CAS  4489 

|CAS  4490 

[LACM  4320 

LACM  21753 

LACM  21092 

o 

CM 

<J 

U 

< 

_i 

UCMP  81704 

|UCMP  81706 

|UCMP  81707 

UCMP  81708 
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Collected  March  1965  by  L.  G.  Barnes:  UCMP  81704, 
horizontal  ramus  of  left  mandible;  UCMP  81705,  fragment  of  angle  of 
right  mandible. 

LACM  loc.  1625  = UCMP  loc.  V-6324 

Kern  County,  California;  SW  1/4,  SW  1/4  Sec.  25,  T 28  S, 

R 28  E,  at  an  elevation  of  about  670  ■feet  on  the  east  face  of  a southward 
trending  ridge,  a few  feet  east  of  power  lines,  300  feet  south  of  LACM 
loc.  1557  = UCMP  loc.  V-6323,  35°  27'  30"  N.,  118°  55' 7.5"  W., 

Oil  Center  7.5  minute  topographic  map,  USGS,  1954.  Collected  from 
Sharktooth  Hill  bonebed,  Round  Mountain  Silt. 

Collected  20  August  1963  by  E.  D.  Mitchell  and  C.  Swift: 

LACM  21092,  horizontal  ramus  of  left  mandible,  incomplete  horizontal 
ramus  of  right  mandible. 

Collected  18  August  1963  by  C.  Swift  and  E.  D.  Mitchell: 

LACM  21753,  horizontal  ramus  of  right  mandible. 

UCMP  loc.  V-6843 

Kern  County,  California;  SW  1/4,  SW  1/4  Sec.  25,  T 28  S, 

R 28  E,  at  an  elevation  of  about  700  feet  near  the  south  end  of  the  west 
face  of  a north-south  trending  ridge,  400  feet  due  east  of  LACM  loc. 
1557  = UCMP  loc.  V-6323,  35°  27'  33.5"  N.,  118°  55'  2.5"  W.,  Oil 
Center  7.5  minute  topographic  map,  USGS,  1954.  In  Sharktooth  Hill 
bonebed.  Round  Mountain  Silt. 

Collected  24  March  1967  by  W.  H.  Barnes,  S.  E.  Barnes,  L.  G. 
Barnes:  UCMP  81708,  complete  right  mandible,  associated  with  skull. 

UCMP  loc.  V-68131 

Kern  County,  California;  SW  1/4,  SW  1/4  Sec.  25,  T 28  S, 

R 28  E,  at  an  elevation  of  about  700  feet  on  west  face  of  a southward 
trending  ridge,  about  one-third  the  distance  south  from  head  of  the 
canyon  toward  south  end  of  ridge,  375  feet  northeast  of  LACM  loc. 

1557  = UCMP  loc.  V-6323  , 35  ° 27'  35"  N.,  118°  55'  4"  W.,  Oil 
Center  7.5  minute  topographic  map,  USGS,  1954.  In  Sharktooth  Hill 
bonebed,  Round  Mountain  Silt. 

Collected  18  April  1966  by  L.  G.  Barnes:  UCMP  81707,  anterior 
end  of  left  mandible. 

Collected  24  April  1966  by  L.  G.  Barnes:  UCMP  81706, 
horizontal  ramus  of  left  mandible. 

DESCRIPTION  OF  THE  MANDIBLE  OF  ALLODESMUS 

This  description  is  purposely  structured  to  apply  to  any  Allodesmus 
mandible  now  known  from  the  Sharktooth  Hill  bonebed.  A detailed 
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Fig.  2.  Allodesmus  kernensis  Kellogg,  right  mandible  with  canine, 

UCMP  81708,  loc.  V-6843:  a,  lingual  view;  b,  occlusal  view;  c, 
labial  view;  scale  line  equals  4 cm. 

description  of  LACM  4320  may  be  found  in  Mitchell  (1966)  and  need  not 
be  duplicated  here.  Allodesmus  has  an  elongate  and  deep  mandible  with 
the  alveolar  row  occupying  at  least  one-half  of  its  length.  A large  and 
posteriorly  directed  coronoid  process  rises  gently  from  a point  slightly 
posterior  to  the  last  cheek  tooth.  The  anterior  border  of  the  symphysis 
curves  anteriorly  and  dorsally  from  a usually  prominent  genial  tuberosity. 
Dorsal  and  ventral  margins  of  the  horizontal  ramus  are  nearly  parallel, 
but  the  ventral  margin  is  slightly  concave  dorsally.  Only  a small  angular 
process  interrupts  the  smooth  curve  of  the  convex  angle  of  the  mandible. 

At  a point  slightly  dorsal  to  the  level  of  the  alveolar  row  is  the  mandibular 
condyle,  directed  strongly  posteriorly.  The  masseteric  fossa  is  large  and 
shallow.  The  horizontal  ramus  is  flat,  massive  anteriorly,  and  thin 
ventral  to  the  ascending  ramus. 
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Fig.  3.  Allodesmus  kernensis  Kellogg,  holotype,  horizontal  ramus  of 
right  mandible  with  C,  P4,  and  roots  of  medial  I and  P3,  CAS  2472, 
loc.  275:  a,  lingual  view;  b,  occlusal  view;  scale  line  equals  4 cm. 

A sulcus  on  the  right  mandible  of  LACM  4320,  just  posterior 
to  the  genial  tuberosity,  was  described  by  Mitchell  (1966,  p.  6)  as  a 
possible  tract  for  a branch  of  the  external  maxillary  artery.  No  other 
mandible  in  the  sample  has  such  a sulcus,  and  I consider  it  to  be  a 
pathologic  feature.  The  bone  surface  around  the  sulcus  on  LACM  4320 
is  almost  identical  to  that  around  bone  lesions  on  mandibles  of  Recent 
Otariidae. 

Normally,  the  mandible  contains  two  incisors,  one  canine,  four 
premolars,  and  two  molars.  The  medial  incisor  is  situated  diagonally 
posteromedial  to  the  larger  lateral  incisor.  The  canine  is  long,  has  a 
conical  crown  which  is  curved  posteriorly  at  the  apex,  and  bears  a root 
which  is  oval  in  cross  section  and  extends  the  full  length  of  the  symphysis. 
It  causes  the  anterior  corner  of  the  horizontal  ramus  to  protrude  laterally 
beyond  the  otherwise  nearly  flat  external  surface.  The  cheek  tooth  series 
of  premolars  and  molars  forms  a straight  line.  P]  is  single  rooted  and  has 
a cylindrical  alveolus.  Roots  of  subsequent  four  teeth  (P2  through  Mj  ) 
are  vertically  constricted,  more  strongly  on  labial  side  than  on  lingual 
side,  so  that  they  are  bilobed,  sometimes  bifurcated  at  their  tips,  or 
distinctly  two  rooted.  The  amount  of  separation  of  the  two  lobes  of 
single  roots  is  progressively  greater  posteriorly  to  Mj  , which  is  sometimes 
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Fig.  4.  Allodesmus  kernensis  Kellogg,  (holotype  of  Allodesmus  kelloggi 
Mitchell),  right  and  left  mandibles  with  right  C,  LACM  4320,  loc.  1557: 
occlusal  view;  scale  line  equals  4 cm. 

two  rooted.  Only  one-third  of  the  mandibles  have  Mj  with  a cylindrical 
root.  M2  consistently  has  a single,  cylindrical  root.  The  bilobed  and 
double  rooted  condition  of  P2  through  M]  may  be  regarded  as  a relic  of 
a primitive  two  rooted  condition. 

Sometimes  one  or  three,  but  usually  two,  nutrient  foramina  occur 
below  the  incisors,  and  six  to  eleven  nutrient  foramina  appear  on  the 
external  surface  of  the  horizontal  ramus  below  the  canine  and  anterior 
cheek  teeth . 
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ONTOGENETIC  CHANGES  IN  ALLODESMUS  MANDIBLES 

Larger  mandibles  assigned  to  Allodesmus  may  belong  to  mature 
males  and  smaller  ones  to  mature  females  or  immature  males.  Kellogg 
(1931,  p.  227-231)  used  size  differences  to  subdivide  the  sample  of 
specimens  he  studied.  Basis  for  such  a separation  lies  in  the  assumption 
that  Allodesmus  displayed  sexual  dimorphism  as  do  living  Otariidae. 
Among  Recent  species,  mature  males  are  larger  and  have  more  robust 
bones  than  do  mature  females,  and  bones  become  more  rugose  with 
increased  age  of  the  individual . In  size,  bones  of  mature  females  are 
comparable  to  those  of  immature  males,  but  other  osteological  characters 
linked  with  ontogeny  indicate  sexual  distinction. 


Fig.  5.  Allodesmus  kernensis  Kellogg,  horizontal  ramus  of  right  mandible, 
with  canine,  CAS  4487,  loc.  905:  lingual  view;  scale  line  equals  5 cm. 

Upon  eruption,  cheek  teeth  of  living  species  of  Otariidae  have 
only  a short,  cylindrical,  and  hollow  stem  of  the  root  present.  During 
later  ontogeny  roots  of  post-P^  cheek  teeth  develop  into  either  bilobed, 
bifurcated,  or  two-rooted  structures  depending  upon  the  taxon  and 
position  in  the  mouth.  This  age-linked  feature  of  root  formation  coincides 
with  progressive  development  of  transverse  septa  in  alveoli  containing 
teeth  with  bifurcated  and  double  roots,  or  of  vertical  ridges  of  bone  on 
the  internal  surface  of  the  labial  wall  and  sometimes  the  lingual  wall  of 
alveoli  containing  bilobed  single  rooted  teeth. 

In  alveoli  of  cheek  teeth  of  Allodesmus,  similar  transverse  septa 
and  vertical  ridges  are  present  (see  fig.  6),  which,  though  few  teeth  are 
ever  preserved  in  place,  may  be  used  as  an  indicator  of  root  development. 
Larger  mandibles  of  Al lodesmus  possess  all  stages  of  root  constriction: 

1)  UCMP  81704  - P^  and  slightly  constricted;  2)  UCMP  81708 
(fig.  2)  - a medium  sized  mandible  with  P4  strongly  constricted,  Mj  with 
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a complete  alveolar  septum,  and  P2-.3  and  M2  constricted;  3)  LACM 
(CIT)  1204  - P2-4  and  M]  constricted;  4)  CAS  4426  and  4486  - extremely 
large  mandibles  and  have  P3_4  and  constricted.  The  small  mandible, 
CAS  4489,  has  advanced  root  constriction  and  may  be  an  adult  female. 

A mandible  of  comparable  size,  CAS  4488,  has  no  root  constriction  and 
may  be  from  an  immature  individual . 


Fig.  6.  Allodesmus  kernensis  Kellogg,  horizontal  ramus  of  right  mandible, 
LACM  21753,  loc.  1625:  a,  lingual  view;  b,  occlusal  view;  c,  labial 
view;  scale  line  equals  4 cm. 

Other  changes  in  the  mandible  linked  with  increased  maturity 
are:  lengthening  and  broadening  of  mandibular  symphysis,  lengthening 
of  alveolar  row,  deepening  of  horizontal  ramus,  and  increase  in  alveolar 
diameter.  Each  of  these  dimensions,  while  increasing  with  size  of 
individuals,  does  not  show  a proportionate  increase  from  one  individual 
to  a larger  one  in  the  series. 
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A definitive  index  of  age  among  the  Otariidae  is  the  increase  in 
diameter  and  in  length  of  the  tooth  roots  as  they  emerge  from  the  alveoli 
by  the  addition  of  annulae  of  dentine  (Scheffer,  1950;  Chiasson,  1957). 
The  same  condition  was  shown  to  exist  in  Allodesmus  by  Mitcheli  (1966, 
p.  20-21)  who  concluded  that  the  age  of  some  specimens  was  at  least 
thirteen  years.  Alveoli  generally  reflect  the  increased  diameter  of  the 
roots,  however  their  increase  is  not  proportionate  to  the  overall  size 
increase  of  the  mandible.  Smaller  mandibles  have  proportionately  larger 
alveolar  diameters,  as  in  immature  Zalophus  californianus. 

INDIVIDUAL  VARIATION 


Fig.  7.  Allodesmus  kernensis  Kellogg,  horizontal  ramus  of  left  mandible 
with  C and  P-|,  UCMP  81704,  loc.  V-6323:  a,  lingual  view;  b,  occlusal 
view;  c,  labial  view;  scale  line  equals  4 cm. 
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Alveoli  of  the  incisors  are  variable  in  their  positions  and  in  the 
degree  of  formation  of  a complete  alveolar  rim.  In  UCMP  81707, 
LACM  4320,  21092,  and  21753,  the  medial  incisor  is  closely  oppressed 
to  the  canine  alveolus,  while  in  most  other  bonebed  mandibles  the 
alveolus  for  the  medial  incisor  is  at  least  3 mm  from  the  alveolus  for  the 
canine. 

The  symphysis  of  bonebed  mandibles  is  generally  elongate, 
narrow  at  the  base,  wider  at  the  apex,  but  widest  about  one-third  the 
distance  from  the  apex.  UCMP  81704  (fig.  7)  has  an  unusually  long 
symphysis  for  its  width,  whereas  the  widest  point  of  the  symphysis  of 
UCMP  81707  (fig.  8)  is  located  more  centrally  therefore  giving  it  a 
more  rounded  shape.  The  angle  between  the  posterior  margin  of  the 
symphysis  and  the  top  of  the  alveolar  row  ranges  between  35°  and  46°, 
and  is  independent  of  the  size  of  the  mandible. 


C 


Fig.  8.  Allodesmus  kernensis  Kellogg,  anterior  end  of  left  mandible 
with  root  of  P| , UCMP  81707,  loc.  V-68131:  a,  lingual  view;  b,  labial 
view;  c,  occlusal  view;  scale  line  equals  5 cm. 

Septal  thicknesses  between  cheek  teeth  vary  randomly  and  are 
not  related  to  size  or  maturity  of  the  specimen.  As  Mitchell's  (1966) 
plate  4 and  fig.  4,  this  paper,  indicate,  the  interalveolar  septa  between 
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cheek  teeth  thicken  progressively  posteriorly,  in  the  mandible  of  LACM 
4320.  Such  progressive  increase  in  septal  thickness  exists  in  some 
bonebed  mandibles,  although  some  (CAS  4395,  LACM  21753)  have  more 
closely  spaced  teeth.  The  P4-M]  diastem  is  variably  developed:  largest 
in  LACM  4320,  less  so  in  UCMP  81708  (fig.  2),  and  smaller  than  or 
comparable  to  that  between  any  of  the  other  cheek  teeth  in  UCMP  81704 
(fig.  7),  LACM  21753  (fig.  6),  and  LACM  21092  (fig.  9). 

In  addition  to  variable  positioning  of  cheek  teeth,  a notable 
amount  of  variation  occurs  in  the  reduction  or  complete  absence  of 
teeth.  Molars  are  reduced;  their  alveoli  are  usually  half  the  depth  of 
those  of  premolars.  Molar  alveoli  of  LACM  4320  and  UCMP  81708  are 
shallow,  but  M 2 of  CAS  4426  has  an  unusually  deep  alveolus.  LACM 
21092  has  no  alveoli  for  M2  on  either  side  (fig.  9),  yet  there  is  space 
posterior  to  M]  for  such  a tooth.  The  variation  encountered  in  lower 
molars  of  the  mandibles  suggests  that  in  the  population  of  Allodesmus 
the  lower  molars  may  have  been  in  the  process  of  being  lost  altogether. 
Loss  of  molars  and  retention  of  premolars  is  a specialization  of  the 
walruses.  In  LACM  4320,  CAS  4487,  and  CAS  4488,  M-j  has  one 
cylindrical  root,  but  in  LACM  21092,  CAS  4486,  CAS  4426,  LACM 
21753,  UCMP  81704,  and  CAS  4395  M]  has  an  anteroposterior! y bilobed 
root,  and  in  UCMP  81708,  M]  had  two  roots. 

The  thickness  of  the  horizontal  ramus  has  no  directly  proportional 
relationship  to  overall  size  in  the  sample.  CAS  4486,  LACM  21753, 
LACM(CIT)  1204,  UCMP  81704,  and  UCMP  81708  are  mandibles  of 
fairly  large  size,  yet  they  are  thin  and  finely  sculptured.  In  contrast, 
LACM  4320,  CAS  4395,  UCMP  81706,  and  UCMP  81707  are  more  robust 
mandibles.  They  are  thicker  transversely,  and  alveolar  walls  for  cheek 
teeth  are  thicker. 

The  masseteric  fossa  in  LACM  4320  is  well  delineated  and  highly 
sculptured,  in  LACM(CIT)  1204  the  fossa  is  well  delineated  but  smooth, 
and  in  UCMP  81708,  the  fossa  is  poorly  delineated  and  smooth.  In 
LACM  4320  (fig.  4),  the  anterior  surface  of  the  coronoid  process  is 
expanded  and  flattened,  the  condition  referred  to  by  Mitchell  as  a sharp 
lateral  flange.  I have  not  observed  this  condition  on  any  other  mandible 
of  Allodesmus,  however  it  does  develop  on  the  mandibles  of  some 
terrestrial  carnivores  and  may  be  an  age  feature  in  Allodesmus. 

The  angle  of  the  mandible  is  smooth  and  flat  in  UCMP  81708 
and  LACM  21753,  while  in  LACM  4320  and  UCMP  81705  it  is  rugose  with 
a slight  deflection  of  the  external  border. 
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Fig.  9.  Allodesmus  kemensis  Kellogg,  LACM  21092,  loc.  1625:  a, 
incomplete  horizontal  ramus  of  right  mandible,  horizontal  ramus  of  left 
mandible,  dashed  outline  restored  from  left  side,  occlusal  view;  b, 
lingual  view  of  horizontal  ramus  of  left  mandible;  c,  labial  view  of 
horizontal  ramus  of  left  mandible;  scale  line  equals  4 cm. 

The  genial  tuberosity  is  variably  developed.  In  bonebed  mandibles, 
this  structure  usually  forms  a prominence  ventral  and  posterior  to,  and 
distinct  from  the  ventral  extent  of  the  symphyseal  surface.  In  UCMP 
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81707  (fig.  8)  however,  the  genial  tuberosity  is  much  reduced,  and  the 
ventral  margin  of  the  symphysis  forms  the  main  prominence  in  this  area. 


Fig.  10.  Allodesmus  kernensis  Kellogg,  horizontal  ramus  of  left  mandible 
with  C and  Pj,  CAS  4395,  loc.  905:  occlusal  view;  scale  line  equals  4 cm. 
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Fig.  1 1 . Scatter  diagram  relating  the  greatest  length  of  the  symphysis 
(in  cm)  to  the  angle  between  the  posterior  border  of  the  symphysis  and 
the  top  of  the  alveolar  row  in  mandibles  of  Allodesmus  kernensis 
(represented  by  circled  dots)  and  Zalophus  californianus  (represented  by 
dots).  CAS  2472  (holotype  of  A.  kernensis  Kellogg),  LACM  4320 
(holotype  of  A.  kelloggi  Mitchell). 
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The  number  of  mental  foramina  on  the  anterior  labial  face  of  the 
horizontal  ramus  varies  from  six  to  eleven  and  their  positions  are  highly 
variable.  One  to  three  foramina  may  be  located  on  the  anterior  surface 
of  the  mandible  below  the  incisors. 

COMPARISON  WITH  VARIATION  IN  ZALOPHUS  CAUFORNIANUS 

In  analyzing  variation  in  mandibles  of  Allodesmus  from  the 
Sharktooth  Hill  bonebed,  a series  of  skulls  and  mandibles  of  male  and 
female  adult  specimens  of  Zalophus  cal ifornianus  cal ifornianus  (Lesson) 
were  used  for  comparison  and  control.  Measurements  and  statistical 
computations  of  the  same  type  as  those  made  for  Allodesmus  were 
obtained,  using  the  right  mandible  of  each  individual.  Both  sexes  were 
used  because  the  Allodesmus  sample  is  not  segregated. 

Material  Studied 

Females:  MVZ  4101,  4103,  4110,  21303,  and  4126,  UCMP 
22891.  Males:  MVZ  4102,  4111,  4123,  4125,  4965,  21302,  74321, 
89500,  102818,  112387,  and  114214,  UCMP  23051,  22888,  and  22890. 

Interpretation 

In  thesampleof  Zalophus  mandibles,  measurements  of  the  alveolar 
row  length,  symphyseal  length  and  breadth,  and  depth  of  the  horizontal 
ramus  do  not  increase  in  proportion  with  the  overall  increase  in  mandibular 
length.  Such  was  seen  in  Allodesmus  also.  The  general  conformation  of 
the  Z.  c.  californianus  mandible,  particularly  the  symphyseal  shape,  is 
much  more  constant  than  in  Allodesmus  , although  the  dentition  is  more 
variable.  In  nearly  half  of  the  Zalophus  skulls  studied  M^  was  present 
on  one  or  both  sides.  Supernumerary  incisors  are  seen  on  some  specimens, 
while  some  others  lack  cheek  teeth  or  incisors.  One  adult  male  (MVZ 
21302)  had  an  unusually  flattened  chin,  and  one  female  (MVZ  4126)  had 
greater  than  average  interalveolar  distances. 

The  space  between  the  lower  canine  and  Pj  is  highly  variable  in 
Zalophus  and  is  not  always  linked  with  age.  All  young  animals  have  a 
short  septum,  but  during  ontogeny  this  separation  may  increase  six-fold 
in  some  individuals  or  not  at  all  in  others.  Generally,  the  remainder  of 
the  cheek  teeth  have  rather  uniform  interalveolar  septa  with  the  P3-P4 
septum  usually  1 mm  larger  than  the  rest. 


no.  10 


TABLE  3.  Statistical  data  on  Aliodesmus  mandibles  from  the  Sharktooth 
Hill  bonebed  (in  cm  unless  indicated  otherwise). 


N 

OR 

M 

S 

V 

Length  alveolar  row,  C-M2 

8 

10.5-14.6 

13.0 

1.45 

11.1 

Length  of  symphysis 

12 

6.8-11.5 

8.2 

1.34 

16.3 

Breadth  of  symphysis 

11 

2. 3-3. 5 

2.8 

0.34 

12.1 

Angle,  symphysis-alveolar  row  11 

35° -46° 

41° 

3.5° 

8.5 

Anteroposterior  dia.  alv.  M] 

11 

0.8-1. 7 

1.3 

0.28 

21.5 

Length  P4-M]  septum 

10 

0.3-1. 2 

0.6 

0.25 

41.7 

TABLE  4.  Statistical  data  on 

right  mandibles  of  Zalophus  californianus 

californianus  (in  cm  unless  indicated  otherwise). 


N 

OR 

M 

S 

V 

Length  alveolar  row,  C-M  ^ 

18 

5. 6-8.6 

7.1 

0.90 

12.7 

Length  of  symphysis 

18 

3. 1-5.8 

4.4 

0.74 

16.8 

Breadth  of  symphysis 

18 

1.4-3. 3 

2.4 

0.57 

23.8 

Angle,  symphysis-alveolar  row 

17 

40°-66° 

52° 

6.9° 

13.3 

Anteroposterior  dia.  alv.  M| 

18 

0.8-1. 3 

1.0 

0.13 

13.0 

Length  P4-M]  septum 

18 

0-0.3 

0.13 

0.068 

52.4 

Permanent  incisors  of  youngest  specimens  studied  were  fully 
erupted,  and  their  alveoii  do  not  increase  in  diameter  with  age.  This 

was  apparently  true  in  Aliodesmus. 

Lengthening  of  the  symphysis  and  deepening  of  the  horizontal 
ramus  with  age  was  proportionate  in  both  Zalophus  and  Aliodesmus. 

The  variable  condition  of  the  lower  molars  in  Aliodesmus  is  paralleled 
by  that  of  the  upper  molars  in  Zalophus.  Coefficients  of  variation 
(Tables  3 and  4)  are  high  for  both  samples  and  higher  for  Zalophus  than 
for  Al lodesmus  in  five  out  of  six  mandibular  dimensions  and  reflect  the 
extreme  individual  and  sexual  variation  in  these  otariids. 

CONCLUSIONS 

Mitchell  (1966,  p.  34)  in  his  comparisons  between  the  holotype 
of  Al  lodesmus  kernensis  (CAS  2472)  and  the  mandible  of  the  holotype  of 
Aliodesmus  kelloggi  (LACM  4320)  included  several  of  the  features  of  the 
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mandible  which  could  be  of  diagnostic  importance.  In  establishing  the 
diagnosis  of  the  new  species,  he  relied  upon  differences  between  the 
two  holotypes.  Each  of  Mitchell's  distinctions  between  the  restricted 
A.  kernensis  (CAS  2472)  and  the  holotype  of  A.  kelloggi  is  discussed 
below  in  the  light  of  the  variation  in  the  Sharktooth  Hill  bonebed 
sample  revealed  in  the  present  study. 


TABLE  5.  Statistical  comparison  of  Allodesmus  kernensis  holotype  and 
Sharktooth  Hill  bonebed  sample  of  Allodesmus  mandibles  (in  cm  unless 
indicated  otherwise). 


Bonebed  mandibl 

es  * 

A.  kernensis  type 

OR 

M 

s : 

X 

d 

d/S 

Length  alveolar  row,  C-M2 

10.5-14.6 

13.0 

1.45 

14.1 

1.1 

0.75 

Length  of  symphysis 

6.8-11.5 

8.2 

1.34 

9.5 

1.3 

1 

Breadth  of  symphysis 

2. 3-3. 5 

2.8 

0.34 

4.2 

1.4 

4.1 

Angle,  symphysis-alveolar  row 

35° -46° 

41° 

3.5° 

45° 

4° 

1.2 

Anteroposterior  dia.  olv.  M] 

0.8-1. 7 

1.3 

0.28 

1.9 

0.6 

2.1 

Length  P4-M]  septum 

0.3-1. 2 

0.6 

0.25 

0.1 

0.5 

-2.0 

In  the  relative  positions  of  the  medial  and  lateral  incisors,  I can 
see  no  diagnostic  differences  between  CAS  2472  and  any  bonebed  mandible. 
Alveolar  rims  are  complete  in  the  former  and  incomplete  in  LACM  4320, 
and  the  completeness  varies  throughout  the  bonebed  sample.  Precise 
locations  of  these  teeth  are  variable,  as  they  are  crowded  next  to  the 
symphysis.  In  all  mandibles  the  medial  incisor  is  situated  diagonally 
posteromedial  to  the  lateral  incisor. 

Absence  of  a P4-M}  diastem  in  CAS  2472  is  one  of  the  marked 
differences  between  that  mandible  and  two-thirds  of  the  bonebed 
mandibies.  In  the  sample,  the  diastem  is  variably  developed,  but  in  no 
other  mandible  is  it  as  pronounced  as  in  LACM  4320.  In  all  mandibles, 
including  the  holotype  of  A.  kernensis  (CAS  2472),  the  P4-M}  septum  is 
one  of  the  largest  in  the  cheek  tooth  series  (fig.  3).  In  the  total  sample, 
thicknesses  of  other  interalveolar  septa  and  the  condition  of  the  molars 
are  variable.  Absence  of  a diastem  in  CAS  2472  cannot  be  considered  a 
unique  quality  in  light  of  the  variable  nature  of  the  dentition  in  bonebed 
Al  lodesmus. 
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Mitchell  stated  that  a sharp  lateral  flange  is  seen  on  the  ascending 
ramus  in  LACM  4320  and  not  in  CAS  2472.  On  LACM  4320,  the  anterior 
border  of  the  coronoid  process  is  flattened  and  expanded.  On  UCMP 
81708  the  anterior  border  of  the  coronoid  process  is  narrow  and  smoothly 
rounded.  The  significance  of  such  a flattening  in  some  Aliodesmus  is 
unknown.  The  holotype  of  A.  kernensis  (CAS  2472)  has  the  ascending 
ramus  broken  above  the  clveolar  row, and  the  structure  in  question  is  not 
preserved. 

Mitchell  (1966,  p.  34)  noted  that  the  symphysis  of  CAS  2472 
"is  more  rounded  and  makes  less  of  an  angle  with  the  axis  of  the  ramus". 
The  ventral  portion  of  the  symphysis  of  CAS  2472  is  missing  from  its 
widest  point  to  the  genial  tuberosity  (fig.  3a)  and  has  been  missing  since 
Kellogg  described  the  specimen  in  1922.  Therefore,  the  overall  shape  of 
the  symphysis  is  not  discernible.  The  portion  of  the  symphysis  preserved 
is  wider  than  that  of  any  bonebed  mandible  included  in  this  study.  The 
angle  between  the  symphysis  and  the  alveolar  row  of  CAS  2472  is  close 
to  45°,  which  is  near  the  upper  limit  of  this  measurement  in  bonebed 
mandibles  (35°-46°). 

The  canine  of  CAS  2472  is  nearly  complete,  but  that  of  LACM 
4320  is  damaged.  Therefore, differences  in  the  emergence  of  this  tooth 
from  the  two  mandibles  may  be  a factor  of  preservation.  Emergence  of 
the  canine  in  CAS  2472  is  like  that  in  CAS  4487  or  UCMP  81708. 

However  with  age,  v/ear,  and  injury,  the  position  of  the  canine  in  old 
individuals  of  living  species  may  be  altered. 

Mitchell  noted  that  alveolar  septa  of  the  holotype  of  A.  kernensis 
are  thinner  and  its  alveoli  relatively  larger  than  in  LACM  4320.  One- 
half  the  bonebed  mandibles  resemble  the  holotype  of  A.  kernensis  in  this 
respect  more  than  they  do  LACM  4320. 

A comparison  of  the  holotype  of  A.  kernensis  with  statistical  data 
on  the  Sharktooth  Hill  bonebed  sample  of  Aliodesmus  (Table  5)  reveals 
that  most  of  its  dimensions  lie  within  the  observed  range  of  the  latter; 
half  are  near  the  standard  deviation  of  the  sample.  Those  exceeding  the 
range  of  the  bonebed  sample  reflect  the  large  size  and  apparently  extreme 
individual  age  of  the  holotype. 

The  holotype  of  A.  kernensis  (CAS  2472)  cannot  be  excluded  from 
the  range  of  morphological  characters  seen  in  Sharktooth  Hill  bonebed 
mandibles  of  Aliodesmus.  The  magnitude  of  variation  is  not  discordant 
with  that  observed  in  a sample  of  a subspecies  of  living  Otariidae.  I 
therefore  assign  all  the  Aliodesmus  material  from  the  Sharktooth  Hill 
bonebed  studied  herein  to  the  species  A.  kernensis  Kellogg,  1922. 
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There  are  no  conclusive  arguments  that  the  holotype  of  A.  kernensis 
was  collected  from  some  formation  other  than  the  Round  Mountain  Silt. 
Caution  should  be  exercised  in  drawing  conclusions  concerning  that 
specimen,  for  it  is  damaged.  It  is  also  the  largest  of  the  known 
Allodesmus  mandibles  and  may  have  belonged  to  an  old  male  in  which 
secondary  characteristics  may  mask  those  diagnostic  in  younger  specimens. 
Marine  mammals  are  notoriously  variable,  and  features  used  to  diagnose 
taxa  should  be  carefully  chosen  while  at  the  same  time  utilizing  large 
samples  when  available. 
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by  Lawrence  G.  Barnes 
ABSTRACT 

Fossil  jaws  and  skull  fragments  of  one  individual  referable  to 
the  extinct  otariid  genus  Imagotaria  have  been  recovered  from  the 
Santa  Margarita  Formation  near  Olympia  in  Scotts  Valley,  Santa  Cruz 
County,  California.  The  specimen  supplies  additional  information  on 
the  anatomy  of  Imagotaria  and  extends  the  known  geographic  range  of 
the  genus  200  miles  northward  from  the  type  locality  of  I.  downsi  in 
Santa  Barbara  County.  Because  of  differences  in  the  dentition,  the 
new  fossils  cannot  be  referred  confidently  to  I.  downsi  and  may 
represent  a more  primitive  form  identified  herein  only  as  Imagotaria  sp. 

INTRODUCTION 

One  of  the  most  recently  proposed  taxa  of  extinct  sea  lions 
or  related  animals  (family  Otariidae)  is  Imagotaria  downsi  Mitchell, 
1968.  The  genus  formed  the  basis  for  a new  otariid  subfamily,  the 
Imagotariinae  Mitchel 1 , 1968.  I.  downsi  is  indeed  a strange  animal 
that  possessed  a combination  of  characters,  some  primitive  and  some 
advanced.  The  species  is  incompletely  known  from  fragments  of  skulls, 
jaws,  and  postcranial  bones  from  late  Miocene  or  early  Pliocene 
sediments  near  Lompoc,  Santa  Barbara  County,  California  and 
supposedly  related  forms  occur  in  deposits  of  comparable  age  in  Orange 
County  and  Los  Angeles  County,  California.  A closely  related  animal 
has  been  found  in  late  Miocene  rocks  in  Santa  Cruz  County,  California. 
This  specimen  consists  of  two  jaws,  teeth,  and  skull  fragments  and 
supplements  knowledge  of  the  anatomy  of  the  mandible  of  Imagotaria. 
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METHODS 

Measurements  of  the  mandible  were  obtained  in  the  manner 
outlined  in  a previous  paper  (Barnes,  1970).  Abbreviations  used  in 
text  are:  UCMP-University  of  California  Museum  of  Paleontology, 
Berkeley,  California;  SBMNH-Santa  Barbara  Museum  of  Natural 
History,  Santa  Barbara,  California;  UCMP  V-prefix  for  UCMP 
vertebrate  locality  number;  mm-mil limeter;  cm-centimeter;  C-canine; 
l-incisor;  M-molar;  P-premolar. 

SYSTEMATIC  S 

Genus  IMAGOTARI A Mitchel  1 , 1968 
Imagotaria  sp. 

Referred  specimen:  UCMP  88459:  horizontal  ramus  of  left  dentary 
lacking  coronoid  and  condyloid  processes  with  imperfectly  preserved 
C and  P , right  dentary  lacking  anterior  end  and  parts  of  the 
coronoia  process,  tip  of  the  crown  of  a canine  tooth,  a small  fragment 
of  the  glenoid  fossa  of  the  right  squamosal,  and  a fragment  of  the 
right  jugal . 

Locality:  UCMP  V-70184,  Santa  Cruz  County,  California,  about 
120  feet  from  the  top  of  the  Granite  Rock  Company  quarry  at  571 
Quail  Hollow  Road,  about  one-half  mile  northwest  of  the  community 
of  Olympia  in  a valley  just  north  of  the  center  of  Section  10,  T 10  S, 

R 2 W,  37°  04'  40"  north  latitude  and  122°  04'  00"  west  longitude, 
Felton,  California  7.51  topographic  quadrangle,  U.S.  Geological 
Survey,  1955  edition. 

Formation  and  age:  The  specimen  was  found  in  a silty,  gray,  somewhat 
indurated  sandstone  in  the  Santa  Margarita  Formation  of  latest  Miocene 
age.  Reinhart  (1959)  and  Mitchell  and  Repenning  (1963)  reported 
sirenians  and  desmostylians  from  the  Santa  Margarita  formation  not 
far  from  UCMP  V-70184,  and  the  latter  gave  a recent  account  of  the 
geological  setting. 

Col  lector:  Collected  about  20  November  1968  by  Mr.  James 
Dumford . 
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DESCRIPTION 

Dentary:  The  dentaries  are  the  most  important  parts  of  this  specimen. 
They  resemble  most  closely  the  mandible  of  the  holotype  of 
Imagotaria  downsi  Mitchell,  1968,  but  are  smaller.  UCMP  88459 
probably  represents  a juvenile  individual,  and  the  holotype  of  I. 
downsi  (SBMNH  342)  represents  an  adult  (Mitchell,  1968,  p.1844). 

The  following  features  of  UCMP  88459  indicate  an  immature  animal: 
preserved  enamel  portions  of  the  teeth  do  not  show  any  indication  of 
wear;  the  cheek  teeth  are  crowded  together;  the  mandibular  symphysis 
is  not  very  rugose;  the  canine  tooth  is  incompletely  erupted. 

Mandibular  characteristics  (heavy  anterior  part  and  slender 
posterior  region,  rhomboid-shaped  symphyseal  surface,  concave 
ventral  margin  of  the  horizontal  ramus,  shallow  masseteric  fossa,  and 
cheek  teeth  with  lingual  cingulae)  agree  with  Mi  tchell's  description 
(1968,  pp.  1847-1849)  of  the  holotype  of  Imagotaria  downsi.  The 
canine  similarly  has  a posterior  crista  and  rugose  enamel  surface.  The 
medial  incisor  is  diagonally  posteromedial  to  the  larger  lateral  incisor 
in  UCMP  88459  as  Mitchell  suspected  to  be  the  case  in  I . downsi . 

Only  two  incisors  exist.  Two  large  mental  foramina  are  present  on  the 
lateral  surface  of  the  dentary  ventral  to  P2/  although  Mitchell  noted 
three  in  SBMNH  342.  Small  mental  foramina  ventral  to  the  incisors 
number  two  as  in  I.  downsi.  The  genial  tuberosity  is  not  as  large  as 
in  the  I.  downsi  holotype , probably  because  UCMP  88459  is  a juvenile. 

The  entire  number  of  mandibular  teeth  may  be  determined  from 
UCMP  88459:  1-2,  C-l,  P-4,  M-l  . A small  procumbent  medial 
incisor  lies  between  the  anterior  part  of  the  canine  and  the  symphysis 
and  is  diagonally  posteromedial  to  the  larger  lateral  incisor  which 
lies  almost  anterior  to  the  canine.  The  tip  of  the  canine  is  badly 
damaged,  and  the  tooth  is  only  partly  erupted  from  the  dentary.  Its 
enamel  margin  is  seen  in  lateral  view  where  the  alveolar  rim  is  broken 
away.  An  isolated  broken  tip  of  another  canine  has  a rounded 
conical  apex  with  no  wear  surface. 

Some  cheek  teeth  of  UCMP  88459  are  distinctly  two-rooted 
but  such  is  not  the  case  in  I.  downsi.  In  UCMP  88459  the  cylindrical 
root  of  P^  and  the  groove  on  the  external  surface  of  the  single  bilobed 
root  of  ?2  ore  as  in  SBMNH  342.  P3_4  of  I . downsi  each  has  one 
root  similar  to  P2,  but  in  UCMP  88459  each  has  two  entirely  separate 
roots  as  does  M ^ . The  M ] of  L downsi  has  two  coalesced  roots  that 
diverge  only  at  the  extreme  ends.  An  M2  alveolus  present  in  I . downsi 
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Fig.  1.  Imagotaria  sp. , horizontal  ramus  of  left  dentary  with  canine 

and  P2-4,  UCMP  88459,  loc.  V-70184;  a,lingual  view;  b,  occusal 
view;  c,  labial  view.  Scale  line  equals  5 cm. 
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Fig.  2.  Imagotaria  sp.,  posterior  part  of  right  dentary  with  alveoli 
for  posterior  root  of  P3  and  roots  of  P4  and  M],  UCMP  88459,  loc. 
V-70184:  a,  lingual  view;  b,  occlusal  view;  c,  labial  view.  Scale 
line  equals  5 cm . 
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TABLE  1 . Measurements  of  Imagotaria  mandibl 

es , in  mm  . 

UCMP 

SBMNH 

88459 

342 

Total  length,  condyle  to  chin 

(220) 

— 

Length  of  cheek  tooth  row,  P^-M^ 

70.6 

77.4 

" " " " " , PrM2 

— 

88.5 

Length  of  symphysis 

55.3 

81.0 

Breadth  of  symphysis 

32.2 

46.7 

Depth  of  ramus  at  P^ 

38.9 

54.0 

Anteroposterior  diameter  of  alveolus  of  1^ 

9.8 

— 

II  II  II  II  II  1 

'2 

10.7 

— 

II  ll  n li  II  £ 

26.8 

— 

n li  ll  ll  li  p 

10.1 

10.1 

ll  ll  ll  ll  ll  n 

y2 

13.6 

14.0 

ll  ll  II  II  ll 

15.8 

16.0 

ll  ll  ll  ll  II  p 

13.7 

17.0 

" " " " " M] 

14.8 

14.6 

y 

" " " " " m2 

— 

8.3 

Greatest  length  of  crown  of  P2 

13.0 

13.0* 

II  II  II  II  II  p 

3 

14.9 

15.0* 

ll  ll  ll  ll  ll  p 

y4 

15.0 

— 

( ) estimated  measurement 

* data  from  Mitchell  (1968.) 

is  absent  in  UCMP  88459.  Mitchell  (1968,  p.1847),  noted  variation 
in  the  presence  or  absence  of  this  tooth  in  Recent  Otariini  and  similar 
variation  has  been  reported  (Barnes,  1970,  p . 1 7)  in  a sample  of 
Al  lodesmus . 


6 


no.  11 


^2-4  are  Preserved  in  place  in  the  left  dentary  of  UCMP 
88459.  Their  lingual  surfaces  are  well  preserved,  but  their  labial 
sides  are  weathered  away.  In  gross  anatomy  the  crowns  of  these 
teeth  resemble  their  counterparts  in  1.  downsi,  and  the  anteroposterior 
length  of  the  crowns  of  P2-3  are  equal  in  the  two  specimens.  The 
main  central  cusps  are  toward  the  labial  side  of  the  teeth,  there  are 
lingual  cingulae,  and  P3_4  bear  large  anterior  cingular  cusps.  No 
P4  was  preserved  with  SBMNH  342,  but  in  UCMP  88459  P4  is  similar 
to  P3  . Crowns  of  premolars  of  UCMP  88459  differ  from  those  of 
I.  downsi  in  that  the  lingual  cingulae  are  more  prominent  and  bear 
many  small,  distinct  cingular  cusps  that  are  not  obvious  in  the 
holotype  of  I . downsi . 

The  posterior  part  of  the  right  dentary  of  UCMP  88459  is  well 
preserved  and  displays  characters  not  known  in  I.  downsi.  The  dentary 
is  thinnest  below  the  coronoid  process  and  has  nearly  flat  internal  and 
external  surfaces.  As  Mitchell  stated,  the  masseteric  fossa  is  extremely 
shallow  and  indistinct;  on  the  inside  of  the  coronoid  process  however, 
there  is  a well  defined  temporal  fossa.  The  coronoid  process  is  rather 
low  with  its  apex  located  posteriorly  and  has  a thick,  rounded  anterior 
margin  rising  very  gently  dorsoposteriorl y from  the  level  of  the  alveolar 
row.  The  condyloid  process  is  located  approximately  level  with  the 
top  of  the  alveolar  row  and  is  joined  to  the  body  of  the  dentary 
internally  and  externally  by  smooth,  rounded  struts.  The  large,  tabular 
angular  process  located  ventromedial  to  the  condyloid  process  is 
directed  posteromedially . The  mandibular  foramen  is  positioned  low 
on  the  internal  face  of  the  dentary  anterior  to  the  angular  process. 
Squamosal:  A fragment  of  the  right  squamosal  forming  the  lateral  part 

of  the  glenoid  fossa  is  preserved.  If  suggests  a large  glenoid  fossa 
about  30  mm  in  anteroposterior  diameter  with  a heavy  and  rounded 
lateral  extremity. 

Jugal:  The  posterior  extremity  of  the  right  jugal  that  extends  ventral 
to  the  zygomatic  portion  of  the  squamosal  is  elongate  and  slender. 

There  appears  to  have  been  no  pronounced  upward  extension  into  a 
posforbifal  process. 
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Fig.  3 Imagotaria  sp.,  composite  restorations  of  right  and  left 
dentaries  with  canine  and  P2-4,  from  UCMP  88459,  loc.  V-70184: 
a,  lingual  view  of  right  dentary;  b,  occlusal  view  of  right  dentary; 
c,  labial  view  of  left  dentary.  Scale  line  equals  5 cm. 
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DISCUSSION 

With  the  exception  of  some  morphological  differences 
attributable  to  the  different  individual  ages  of  UCMP  88459  and  the 
holotype  of  Imagotaria  downsi  (SBMNH  342),  most  features  are 
sufficiently  similar  to  allow  UCMP  88459  to  be  identified  as  Imagotaria. 
The  size  of  teeth  are  identical.  An  alveolus  for  a small  single-rooted 
M2  is  present  in  SBMNH  342  and  not  in  UCMP  88459.  This  may  be  of 
taxonomic  importance  or  may  be  attributable  to  individual  variation 
as  discussed  above.  The  most  striking  difference  is  that  83.4  and  M] 
of  UCMP  88459  are  distinctly  two-rooted,  whereas  these  teeth  in 
I.  downsi  have  only  faintly  bilobed  single  roots.  The  difference  may 
indicate  the  holotype  of  I.  downsi  is  more  highly  evolved  than  UCMP 
88459  in  a supposed  evolutionary  process  which  would  change  a 
primitive  multiple-rooted  mammalian  cheek  tooth  into  a single-rooted 
type  seen  in  such  diverse,  advanced  pinnipeds  as  Otaria,  Eumetopias, 
Zalophus,  Allodesmus,  Odobenus,  Halichoerus,  orMirounga.  Some 
living  species  of  otariids  show  individual  variation  in  the  extent  of 
cheek-tooth  root  coalescence,  but  it  is  not  as  extreme  as  the  difference 
between  UCMP  88459  and  the  holotype  of  I.  downsi. 

Another  difference  between  the  two  specimens  is  the  presence 
of  a well  developed  lingual  cingulum  on  cheek  teeth  of  UCMP  88459. 

In  I.  downsi  the  cingulum  is  less  prominent  and  less  cuspate,  but  the 
difference  is  probably  not  very  meaningful  for  the  cingulae  of 
SBMNH  342  may  be  reduced  from  wear.  Because  of  differences  in  the 
cheek-tooth  roots,  I consider  UCMP  88459  to  be  a more  primitive 
species  of  Imagotaria  and  identify  it  as  Imagotaria  sp.  at  the  present 
time . 

Mitchell  (1968)  has  dealt  with  the  possible  phyletic 
relationships  of  Imagotaria  based  mainly  on  cranial  features.  He 
theorized  that  the  genus  was  derived  from  the  Desmatophocinae  as 
was  the  walrus  subfamily,  Odobeninae.  One  feature  of  the  mandible 
supports  this  hypothesis:  the  position  of  the  small  medial  incisor 
diagonally  posteromedial  to  the  larger  lateral  incisor.  The  same 
condition  exists  in  the  known  mandibles  of  desmatophocines  (sensu 
Barnes,  1971)  and  in  the  extinct  odobenines  Alachtherium  and 
Prorosmarus,  but  it  is  very  unlike  the  relatively  more  primitive  condition 
that  persists  in  Recent  sea  lions  and  fur  seals  (Otariinae),  in  which 
the  two  lower  incisors  lie  side  by  side  in  a transverse  plane.  The  low 
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coror.oid  process  and  shallow  masseteric  fossa  on  the  Imagotaria 
mandible  are  advanced  features  also  seen  in  Dusignathus  Kellogg, 
1927,  and  some  otariines. 
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CF.  UiNTATHERIUM  (DINOCERATA,  MAMMALIA)  FROM  THE 
UINTAN  (MIDDLE  TO  LATE  EOCENE)  OF  SOUTHERN  CALIFORNIA 

By  j . Howard  Hutchison* 

North  American  uintatheres  were  previously  known  only  from 
the  Rocky  Mountain  region  (Wheeler,  1961).  Recently  two  uintatheriid 
specimens,  a fragmentary  mandible  and  axis,  were  collected  in  sea  cliff 
exposures  about  50  feet  above  the  beach  and  1700  feet  north  of  the  shore 
terminus  of  the  Scripps  Institute  Pier,  La  Jolla,  San  Diego  County, 
California  (32«  52"  15"  N;  117°  15“  7"  W),  University  of  California 
Museum  of  Paleontology  (UCMP)  locality  V-6874. 

The  fossils  were  imbedded  in  the  sandstone  part  of  a poorly 
consolidated  marine  clay  clast  conglomerate  with  an  interstice  matrix 
of  medium  grain  sandstone.  Milow  and  Ennis  (1961)  assign  this  unit  to 
the  cross-stratified  si Itstone-sandstone  Sens  [ Erc(d)]  of  the  Rose  Canyon 
Formation.  The  tongue  is  included  within  the  Amphi morph ina 
californica  zone  of  the  Uiatisian  (Lutetian)  foraminifera!  stage. 

Vertebrate  specimens  are  broken  and  show  evidence  of  pre- 
depositional  abrasion.  The  two  uintatheriid  specimens  were  discovered 
about  100  feet  apart  but  lay  at  about  the  same  stratigraphic  level  and 
may  represent  a single  individual . The  axis  was  found  in  juxtaposition 
to  an  incomplete  crocodilian  jugal.  The  geology  (particularly  the 
lateral  changes)  and  the  included  megafossils  and  microfossils  led  to  the 
interpretation  (Milow-in  letter)  that  the  site  of  deposition  was  a near- 
shore  site,  possibly  on  the  flank  and  near  the  head  of  a deepwater 
submarine  canyon  or  generally  east-west  submarine  depression  similar  to 
those  offshore  the  present  beach.  ! conclude  that  the  vertebrate  remains 
were  dumped  into  the  canyon  at  the  embouchure  of  a river. 

The  mandibular  fragment  (UCMP  82545)  is  broken  or  abraded 
on  all  its  extremities  but  is  not  noticeably  distorted  (Figs.  1-3).  M2  is 
heavily  damaged  and  only  part  of  the  jjosterior  talonid  crest  remains 
(tooth  terminology  follows  Wheeler,  1961).  The  preserved  part  of  this 
crest  lacks  distinct  cusps  but  has  a beaded  appearance.  Main  features 
of  the  M3  are  well  preserved,  but  it  is  chipped  on  some  extremities  and 
moderately  worn.  The  general  morphology  of  the  tooth  agrees  with 
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figures  and  descriptions  of  Uintatheriinae  (Wheeler,  1961).  As  in 
USNM  18603  (PI.  13,  Fig.  3 of  Wheeler),  the  paraconid  is  "preserved 
very  distinctly".  The  entoconid  is  indistinguishable  from  the  rest  of 
the  beaded  crest  of  the  posterior  loph.  The  posterior  cingulum  was 
apparently  very  short  and  weak.  The  condylar  facet  faces  largely 
posteriorly  as  in  other  Uintatheriinae. 

In  comparison  to  Tetheopsis  speirianus  (Osborn)  1881,  the 
M3  of  UCMP  82545  is  rather  small  but  within  range  of  M3  lengths  taken 
from  published  figures  (Table  1).  The  "row  of  partially  discrete,  tiny 
cusps"  on  the  posterior  loph  of  the  M3  resembles  that  noted  on 
PUM  10385  by  Wheeler,  but  the  cusps  are  apparently  weaker.  The  only 
figured  mandible  of  Tetheopsis  which  preserves  the  angular  process 
(Osborn,  1881,  PI.  1 , and  Wheeler,  1961,  Pi.  2,  Fig.  1)  does  not  have 
a strong  emargination  between  the  condyle  and  angular  process,  this 
area  is  broadly  rounded  in  Osborn's  figure.  Wheeler's  figure  of  the 
type  skull  of  "Tinoceras  stenops  March"  appears  to  indicate  damage  or 
restoration  in  this  area.  The  dentary  of  Tetheopsis  ingens  (Marsh)  1885 
is  unknown. 

Jaws  of  Eobasilus  cornutus  (Cope)  1872,  figured  by  Cook 
(1926)  under  the  name  of  Uintacolotherium  blayneyi,  show  a rounded 
angular  process  and  rather  broad  subcondylar  emargination;  although  I 
have  difficulty  in  seeing  from  the  figure  how  much  of  this  region  was 
restored.  M3  of  UCMP  82545  is  smaller  than  that  of  Eobasileus 
measured  by  Cook. 

Compared  to  molars  of  Uintatherium  as  defined  by  Wheeler 
(1961),  the  M3  of  UCMP  82545  is  one  or  two  millimeters  larger  than 
USNM  18603,  which  Wheeler  (p.  47)  characterized  as  "larger  than 
average".  The  anterior  emargination  below  the  condyle  and 
concomitant  protuberancy  of  the  angular  process  agree  well  with 
specimens  Wheeler  referred  to  Uintatherium  anceps. 

The  axis,  UCMP  88223,  lacks  part  of  the  right  side  of  the 
centrum,  posterior  epiphysis,  neural  arch  and  most  of  the  transverse 
processes.  The  remaining  body  agrees  well  in  all  details  with  the  axis 
of  Uintatherium  anceps  illustrated  by  Marsh  (1885,  Pi . 21). 
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TABLE  1 

Comparison  of  M3  length  of  San  Diego  specimen  with  other  Uintatheriinae 
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. 1.  Cf.  Uintatherium,  UCMP  82545,  Rose  Canyon  Fm.,  UCMP  Loc . V6874. 
Occlusal  view  of  incomplete  M2_M3.  b.  Lingual  view  of  dentary. 

Labial  view  of  dentary.  (Scale  line  - 1 cm.) 
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TABLE  2 

Measurement’s  of  the  axis  UCMP  88223  following  Marsh  1885 


Length  of  axis  along  neural  canal  (posterior  epiphysis  absent)  — 118mm 
Length  of  odontoid  process  — 44 

Transverse  diameter  of  odontoid  process  — 31 

Vertical  diameter  of  odontoid  process  — 41 

Transverse  diameter  of  articular  face  of  odontoid  process  — 30 
Anteroposterior  diameter  of  articular  face  of  odontoid  process  — 31 
Transverse  (oblique)  diameter  of  left  anterior  articular  face  — 46 
Vertical  diameter  of  left  anterior  articular  face  — 37 

Transverse  diameter  across  anterior  articular  faces,  estimated  — 107 
Distance  between  anterolateral  articular  faces  — 38 

Transverse  diameter  of  neural  canal , estimated  — 37 


Wheeler  (1961)  characterized  Uintatherium  anceps  (genus 
monotypic)  as  a very  variable  species,  and  nothing  in  the  morphology 
of  UCMP  82545  and  UCMP  88223  excludes  them  from  the  published 
concept  of  the  species.  However,  lack  of  diagnostic  material 
(i.e.  skull)  of  the  Californian  species  and  small  samples  of  Tetheopsis 
and  Eobasileus  necessitate  only  a provisional  assignment  of  this  material 
to  Uintatherium. 

An  isolated  tooth,  LACM  21267,  from  Los  Angeles  County 
Museum  of  Natural  History  (=  California  Institute  of  Technology) 
locality  249  (subsite  S)  also  seems  referable  to  the  Uintatheriidae  and 
probably,  because  of  its  size,  to  the  Uintatheriinae . The  tooth  is 
extremely  worn  (Fig.  2)  but  agrees  in  preserved  details  with  a left  M] 
or  M2  of  a uintatheriid . Locality  249  and  its  fauna  were  described  by 
Stock  (1937,  1938),  Wilson  (1940a, b,c),  Gazin  (1955,  1958),  and 
others  and  were  considered  as  part  of  the  Poway  Formation.  Milow  and 
Ennis  (1961)  separated  the  actual  fossil  bearing  beds  below  the  Poway 
conglomerates  as  an  unnamed  formation  overlying  the  Rose  Canyon  Fm. 
This  unnamed  unit  is  correlated  with  the  upper  part  of  the  Ulatisian 
foraminiferal  stage,  although  the  facies  at  this  locality  is  apparently 
fluviatile.  Brattstrom  (in  Milow  and  Ennis,  1961,  p.  30)  raised  some 
doubt  about  the  exact  location  of  locality  249  in  the  section  but 
preservation  of  bones  and  surrounding  matrix  from  this  locality  are 
identical  to  recent  collections  of  bones  immediately  below  the 
conglomerates  of  the  Poway. 
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Mrs.  J.  P.  Lufkin,  the  Museum  staff  artist,  prepared  the 
llustrations. 


Fig.  2.  Uintatheriinae,  LACM  21267,  heavily  worn  left  M^  or  M2, 
LACM(CIT)  Loc.  249S,  unnamed  formation  - Poway  Fm.  of  most  authors, 
a.  Occlusal  view.  b.  Labial  view.  (Scale  line  - 1 cm.) 
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A PLIOCENE  COLUBRID  SNAKE  (REPTILIA:  COLUBRIDAE) 

FROM  WEST-CENTRAL  NEVADA 

by  John  Ruben 
ABSTRACT 

An  articulated,  but  incomplete,  fossilized  snake,  from  the  middle 
member  (approximately  Middle  Pliocene)  of  the  Truckee  Formation  of 
west-central  Nevada  is  Coluber  sp.  Linnaeus,  1758  (Reptilia: 
Colubridae).  The  specimen's  original  overall  body  length,  about 
830  millimeters,  indicates  that  the  serpent  was  about  two  years  old  and 
sexually  mature  at  the  time  of  its  death.  Presence  of  three  fossilized 
fishes  (at  least  one  of  which  is  Gasterosteus  doryssus  Jordan,  1907) 
within  the  rib  cage  of  the  specimen  gives  evidence  that:  (1)  just  prior 
to  its  death,  the  serpent  maintained  a summer  home  range  that  bordered 
on,  or  surrounded,  a lake  or  stream;  (2)  the  serpent  was  feeding  on  small 
fish  shortly  before  it  died  (this  the  first  recorded  instance  of  Coluber 
consuming  fish);  (3)  the  specimen  may  have  died  as  a result  of  its 
inability  to  properly  swallow,  or  regurgitate,  one  of  the  fish;  (4)  the 
specimen  probably  died  during  the  northern  summer  season. 

INTRODUCTION 

In  the  summer  of  1969,  Stephen  Bruff  and  Bill  Rowan,  students  at  the 
University  of  Nevada,  Reno,  Nevada,  discovered  a partial  skeleton  of  a 
colubrid  snake,  Coluber  sp.  Linnaeus,  1758,  from  the  middle  member 
(Hemphillian,  approximately  Middle  Pliocene)  of  the  Truckee  Formation. 

The  specimen  was  found  in  a displaced  slab  of  diatomite  from  the 
Eagle-Picher  Quarry,  which  is  in  the  Virginia  Range  (Fig.  1),  about 
five  miles  southwest  of  Hazen,  Nevada,  in  SE  1/4,  SE  1/4  Sec.  12, 

T.  19N.,  R.  25E.,  Two  Tips  Quadrangle  (USGS,  1957  ed.),  Lyon 
County,  Nevada  (39°31'16I,N;  1 19°07,07"W). 

The  serpent  is  the  first  recorded  from  the  Truckee  Formation,  and 
along  with  Gasterosteus  doryssus  Jordan  and  Fundulus  nevadensis 
Eastman,  comprise  the  only  known  vertebrates  from  the  middle  member 
of  the  formation . 

Because  of  its  incompleteness,  the  fossilized  snake  offers  only 
limited  osteological  comparison  with  Recent  serpents  but  is  of  interest 
because  articulated,  fossilized  ophidians  are  rare  and  because  it  con- 
tains within  its  rib  cage  the  remains  of  three  fish. 
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Figure  1.  Geographic  location  of  the  specimen  (modified  after 
Axelrod,  1956,  fig.  1). 


2 


no.  13 


The  genus  Coluber  is  known  from  Miocene  to  Recent  times  in 
Europe,  and  Pliocene  to  Recent  times  in  North  America  (Romer,  1966: 
367)  and  is  represented  by  living  animals  also  in  parts  of  Asia,  North 
Africa,  Central  and  South  America,  and  in  the  East  Indies. 

GEOLOGIC  SETTING 

King  (1878:  412-423)  first  used  the  name  Truckee  Group  for  all 
sedimentary  rocks  in  Western  Nevada  that  he  considered  to  be  Miocene 
in  age.  In  the  same  report  he  subdivided  the  Truckee  Formation  into 
eight  members.  Subseauent  authors  have  shown  the  Truckee  Formation 
to  be  Pliocene  in  age  (see  Fig.  2 and  below),  and  Axelrod  (1956:  101), 
after  restudying  the  Truckee  sediments  and  concluding  that  "...  [King's] 
description  of  the  formation  is  both  misleading  and  inaccurate,"  devised 
the  terms  "Upper,  Middle,  and  Lower"  Truckee  members.  I shall  follow 
Axelrod's  terminology. 

The  3350  feet  of  strata  that  comprise  the  Truckee  Formation  consist 
mainly  of  siliceous  shales,  sandstones,  diatomites,  and  associated 
volcanic  rocks.  The  middle  Truckee  Formation,  in  which  the  specimen 
was  preserved,  is  as  much  as  1475  feet  in  thickness,  and  consists  of 
soft,  white  diatomite,  with  thin  pumice  beds  and  a few  thin,  bluish-gray 
sandstone  beds. 

Fossilized  mammals  of  Late  Clarendonian  age  (Macdonald,  1956) 
have  been  found  in  the  lower  member  of  the  Truckee  Formation.  Two 
fossil  floras  from  the  middle  member  of  the  formation  are  reported  as 
Hemphillian  in  age  (Axelrod,  1956,  probably  dated  these  floras  on  the 
basis  of  their  stratigraphic  position  with  respect  to  the  Late  Clarendonian 
mammals).  The  available  fossil  evidence  thus  indicates  that  the  Truckee 
Formation  extends  from  Early  to  Middle  Pliocene  in  age.  Axelrod  has 
suggested  that  the  upper  member  of  the  formation  may  be  as  young  as 
late  Pliocene  (Early  Blancan). 

The  middle  Truckee  diatomite  deposits  are  tilted  10°-15°  and 
unconformably  overlain  by  horizontal  Lake  Lahontan  (Quaternary) 
sediments.  The  diatomite  was  apparently  deposited  in  a quiet,  near- 
shore, slightly  saline  lacustrine  environment  (Schorn,  1970:  pers.  comm.) 
located  in  a region  of  mountain  ranges  and  intermontane  basins.  Later 
movements  and  erosion  have  brought  shifts  in  the  boundaries  of  these 
bas  ins  and  ranges  as  well  as  changes  in  the  magnitude  of  the  topographic 
features. 
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Figure  2.  Stratigraphic  sections  of  Mio-Pliocene  rocks  in  western 
Nevada  (modified  after  Axelrod,  1956,  and  Bonham,  1969). 
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DESCRIPTION 

Class  REPTILIA 
Order  SQUAMATA 
Family  COLUBRIDAE 
Subfamily  COLUBRINAE 
Genus  COLUBER  Linnaeus,  1758 
Coluber  sp, 

Masticophis  Baird  and  Girard,  1853. 

Though  Masticophis  is  considered  by  many 
neontologists  to  be  distinct  from  Coluber,  I could 
find  no  osteological  criteria  for  separation  of  the 
genera . 

The  specimen,  University  of  Nevada,  Mackay  School  of  Mines 
(UNMSM)  0001  (Fig.  3),  which  is  firmly  embedded  in  a diatomite  slab, 
consists  of  an  incomplete,  partially  articulated  skull  in  position  with 
the  anteriormost  (approx.)  seventy-six  vertebrae.  The  specimen,  as 
preserved  on  the  slab,  lies  with  its  dorsal  aspect  exposed,  and  when 
viewed  from  its  left,  is  arranged  in  the  form  of  a horizontally  distended 
U-shape.  Most  of  the  ribs,  or  rib  impressions,  are  present,  though 
many  are  somewhat  disarranged,  particularly  within  the  posterior  fifth 
of  the  specimen..  Remains  of  three  fish  are  successively  arranged  within 
the  rib  cage,  beginning  at  about  the  level  of  the  thirty-second  vertebra. 
The  preserved  section  of  the  serpent  is  260  millimeters  long. 

Dorsoventral  crushing  of  the  skull  and  jaws  (Fig.  4)  resulted  in 
almost  complete  flattening  and  extensive  breakage  of  these  elements. 

The  skull  retains  general  ophidian  proportions,  but  most  bones  of  the 
braincase  are  either  out  of  position  or  unrecognizable.  Some  palatal 
and  jaw  elements  remain  articulated  or  identifiable.  Compared  to 
Recent  Colubrinae,  the  skull  is  of  moderate  size.  Overall  skull  length 
= +30mm  .;  skul ! width  (distance  betv/een  articular  regions)  = *13mm  , 

The  nasals  are  displaced  laterally  and  lie  with  dorsal  surfaces 
exposed  and  adjacent  to  the  anterior  portion  of  the  right  maxillary. 

A composite  outline  of  the  paired  remains  approximates  an  equilateral 
triangle  with  an  apex  at  the  posterior  midline. 

Six  millimeters  behind  the  nasals,  a small  displaced  portion  of  the 
left  frontal  is  visible  in  the  region  of  the  posterior  braincase.  Bone 
fragments,  just  posterior  to  the  left  frontal,  may  be  remnants  of  the 
parietal  bone. 
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Figure  3.  Coluber  sp.  UNMSM  0001  from  near  Hazen,  Nevada.  Dorsal  view  of  specimen,  anterior  to  left. 
Scale  line  equals  10mm. 
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The  right  supratemporai , a piece  of  fragmented,  subtriangular  bone, 
lies  on  edge,  just  internal  to  the  posterior  region  of  the  right  lower  jaw. 

Two  small,  randomly  arranged  elements,  the  anteriormost  in  the 
specimen,  may  be  premaxillary  fragments.  The  right  maxillary  lies  on 
its  lateral  surface,  posterolateral ly  to  these  fragments,  and  is  adjacent 
to  the  nasals.  Though  laterally  displaced  about  four  millimeters,  the 
right  maxillary  maintains  generally  normal  spatial  relationships  to  the 
rest  of  the  skull . The  maxillary  is  a slender,  shaft-like  element  with 
eight  teeth.  Posteriorly,  the  bone  is  flattened  in  a nearly  horizontal 
plane  (in  life).  A short  length  of  the  posterior  extremity  and  medial 
flange  (that  in  life  contacted  the  palatine  bone)  appear  to  be  missing. 
Eight  teeth  (about  one-half  the  total  original  number)  and  four  alveolar 
spaces  are  present.  The  teeth  are  of  moderate  length,  curved  poste- 
riorly at  about  a 50°  angle  to  the  maxillary,  aglyphous  and  isodont. 

The  left  maxillary  is  unrecognizable  or  missing. 


Figure  4.  Coluber  sp.  Linnaeus,  1758,  UNMSM  0001  from  near  Hazen, 
Nevada.  Dorsal  view  of  skull  and  two  vertebrae  (anterior  to  left). 
Abbreviations:  a.c.,  left  articular  complex;  a.f,,  adductor  fossa; 
d.,  posterior  region  of  left  dentary;  ec . , left  ectopterygoid  (resting  on 
fragment  of  pterygoid);  f.,  left  frontal;  i.,  lateral  wall  of  posterior 
region  of  right  lower  jaw;  m.,  right  maxillary;  n.,  nasals;  pa.,  left 
palatine;  p.m.,  premaxillary  fragments;  pt . , left  pterygoid;  q.,  articular 
facet  of  left  quadrate;  s.,  left  stapes;  st.,  right  supratemporai;  v2,  axis; 
v3,  vertebra  ^3.  Scale  line  equals  3 mm. 
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Identifiable  palatal  elements  include  parts  of  the  left  pterygoid, 
left  palatine,  and  left  ectopterygoid . All  these  elements  are  exposed 
dorsal  ly. 

A spool -shaped  fragment,  located  about  three  millimeters  postero- 
laterally  from  the  left  ectopterygoid,  is  tentatively  identified  as  the 
articular  facet  of  the  left  quadrate.  Between  the  left  pterygoid  and 
adductor  fossa  of  the  left  jaw  is  a short,  dowl-like  ossification  that  may 
be  the  left  stapes. 

Elements  of  both  lower  jaws  are  present  and  approximately  in  place. 
Much  of  the  preserved  part  of  the  left  ramus  is  overlain  by  the  left 
pterygoid;  however  three  posterior  dentary  teeth  are  visible.  The 
remaining  bones  of  the  left  articular  complex  are  located  external  to 
the  posterior  region  of  the  left  pterygoid.  The  lateral  wall  of  the 
adductor  fossa  and  the  adjoining  anterior  region  are  present.  Lack  of 
a separate  coronoid  indicates  complete  fusion  of  bones  in  this  area. 

Remains  of  approximately  seventy-six  vertebrae  are  present,  or 
about  the  anterior  40%  of  the  total  original  number  of  pre-cloacal 
segments.  Inasmuch  as  most  of  these  are  embedded  with  ventral  sides 
down  in  the  block,  a good  lateral  view  is  obstructed.  Most  neural 
arches  and  postzygapophyses  are  missing.  Best  preserved  are  vertebrae 
numbers  nine  through  twenty-four.  Generally  there  are  only  fragmented 
centra  posterior  to  number  twenty-four,  hence  an  exact  count  of  the 
number  of  vertebrae  present  in  the  specimen  is  difficult.  No  attempt 
has  been  made  to  precisely  separate  thoracic  vertebrae  into  anterior 
or  posterior  sections  (the  posterior  thoracic  region  generally  begins  at 
about  segment  45).  One  cervical  element,  the  axis,  may  be  present. 

Centra  of  the  thoracic  vertebrae  are  elongate  (Table  1)  with  short- 
necked, posteriorly  directed  condyles.  All  thoracic  centra  bear  two 
well  developed  epapophyses.  These  consist  in  each  vertebra,  of  two 
separate  ridge-like  processes,  superposed  one  behind  the  other  upon  the 

Table  1.  Centrum  lengths,  condylar  widths,  and  ratio  of  centrum  length 
to  condylar  width  (=LCe/WCo)  for  vertebrae  67  and  70  of  UNMSM  0001 . 


No. 

Length  Centrum 

Width  Contrum 

LCe/WCo 

67 

4 ,32mm . 

1 ,50mm . 

2.88 

70 

4 .3 1mm . 

1 ,50mm . 

2.88 
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floor  of  the  neural  canal  . The  posterior  epapophysis  tends  to  be  longer, 
more  acuminate,  and  more  subtriangular . The  impression  in  the  matrix 
of  the  ventral  surface  of  the  seventy-fourth  vertebra  was  exposed  by 
carefully  scraping  away  remaining  bone  fragments.  Although  I can 
make  no  definite  statements  regarding  the  conformation  of  the  sub- 
central ridges,  no  hypapophysis  exists  at  this  point  in  the  spinal  column. 
The  hemal  keel  is  spatulate  in  shape, 

Prezygapophyses  tend  to  be  obovate  to  oval  in  shape.  The  few 
accessory  processes  that  remain  appear  to  be  well  developed,  acuminate, 
and  directed  anterolaterally . 

One  neural  arch,  that  of  the  sixty-fourth  vertebra,  remains.  The 
dorsal  border  of  the  spine  is  2.38mm.  long,  and  the  height,  measured 
from  a level  even  with  the  top  of  the  zygosphene,  equals  0.97mm. 

There  is  a very  slight  overhang  of  the  neural  spine  both  anteriorly  and 
posteriorly.  The  zygosphene  appears  slightly  convex  from  above. 

Most  of  the  ribs  retain  their  original  shape  and  proximal  association 
with  their  correlative  vertebrae.  However  they  now  lie  in  a primarily 
horizontal  plane  with  respect  to  the  spinal  column.  The  longest 
complete  rib,  which  articulates  with  the  thirty-ninth  vertebra,  is  about 
20mm . in  length  . 


IDENTIFICATION 

Because  of  the  relatively  recent  date  (Hemphiilian)  assigned  to  the 
sediments  in  which  UNMSM  0001  was  discovered,  it  seems  likely  that 
the  specimen  is  at  least  generically  identical  to  one  of  the  extant  kinds 
of  serpents  of  North  America,  north  of  Brownsville,  Texas  (about  lat. 
26°N .).  UNMSM  0001  is  excluded  from  the  Leptotyphlopidae  on  the 
basis  of  the  poorly  developed  dentition,  presence  of  a separate  coronoid 
element  and  lack  of  an  ectopterygoid  in  that  family  ffor  a more  complete 
listing  of  I eptotyphlopid  characteristics,  see  Romer,  1956,  p.  568). 

The  Boiaae  are  eliminated  from  consideration  by  the  proportions  of 
their  vertebrae,  which  are  shorter  and  broader  than  those  of  UNMSM 
0001.  Inasmuch  as  the  Crotalidae,  Elapidae,  and  natricine  Coiubridae 
can  also  be  eliminated  because  UNMSM  0001  lacks  a hypapophysis  on 
at  least  one  pre-cloacal  vertebra,  the  fossil  is  very  likely  one  of  the 
colubrine  Coiubridae. 

Approximately  thirty  genera  of  colubrine  snakes  live  within  the 
geographic  area  under  consideration.  Of  these,  the  following  are 
immediately  distinguishable  from  UNMSM  0001  on  the  basis  of  the 
following  listed  morphological  characteristics: 


9 


Genus 


Characteristic 


UNMSM  '*000' 


Abastor  Gray 


Carphophis 

Gervais 


accessory  process 
obtusely  shaped  and 
lateral  ly  directed 
(Auffenberg,  1963:  167) 

ratio  nl  u/nh  ^=5  .52-7 . 83 
(Ibid.);  maximum  length 
=365mm.  (Conant,  1958: 
144) 


accessory  process 
acuminate  and 
anterolaterally 
di rected 

ratio  nlu/nh=2.46; 

I ength=830mm . (see 
"Pal eoautecology") 


Ch i lomeniscus  . . 

. . opisthodont  dentition 

a 

isodont  dentition  ; 

Cope 

(Stebbins,  1954:355); 
maximum  1 ength:::245mm  . 
(Stebbins,  1966:  178) 

length=830mm . 

Chionactis  Cope  . 

. . opisthodont  dentition 
(Stebbins,  1954:  355); 
maximum  I ength=43  1mm  . 
(Stebbins,  1966:  176) 

isodont  dentition; 
length=830mm . 

Coniophanes  . . . 

. . opisthodont  dentition 

isodont  dentition; 

Hal  1 owe  1 1 

(Conant,  1958:  145); 
maximum  1 ength=508mm . 
(Ibid .) 

1 ength=830mm . 

Diadophis  Baird  . 

. . zygosphene  crenulated 

zygosphene  con- 

and  Girard 

dorsally  (Auffenberg,  1963: 
170;  Holman,  1959:  100); 

cave  dorsally; 

1 ength=830mm . 

maximum  I ength=760mm . 
(Stebbins,  1966:  143) 


' Auffenberg's  (1963:  154)  symbol  for  the  ratio  obtained  by  dividing  the 
length  of  the  dorsal  border  of  the  neural  spine  by  the  height  of  the 
neural  spine. 

2 

UNMSM  0001  lacks  the  posterior  extremity  of  the  right  maxillary, 
hence  absolute  proof  of  complete  isodonty  is  lacking.  However, 
indirect  evidence  provided  by  the  maxillary  teeth  present  suggest  an 
opisthodontous  condition  was  absent;  i ,e.  angle  of  teeth  to  maxillary 
in  Pituophis,  Coluber,  and  UNMSM  0001  is  approximately  50°;  in  two 
specimens  each  of  Heterodon,  Hypsiglena,  and  one  Sonora,  the  angle 
is  approximately  25°. 
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Genus 

Characteristic 

UNMSM  #0001 

Drymarchon  . . . . 
Fitzinger 

spine  beveled  (Auffenberg, 
1963:  176) 

anterodorsal  edge 
of  neural  spine 
not  beveled 

Elaphe  Fitzinger  . 

. . nlu/nh=0.89-  1 .2 1 (Ibid.: 
182) 

nlu/nh=2  .46 

Farancia  Holbrook 

. . accessory  process  obtusely 
shaped  and  laterally 
directed  (Ibid .:  176) 

accessory  process 
acuminate  and 
anterolaterally 
directed 

Ficimia  Gray  . . . 

(Stebbins,  1954:  355); 
maximum  length=483mm . 
(Conant,  1958:. 178) 

isodont  dentition; 
length^SSOmm. 

Heferodon  . . . . 
Latreille 

(Stebbins,  1954:  355); 
median  apex  of  nasals 
anterior 

isodont  dentition; 
median  apex  of 
nasals  posterior 
(see  "Description" 

Hypsiglena  Cope  . 

. . opisthodont  dentition 
(Stebbins,  1954:  355); 
maximum  length=660mm . 
(Stebbins,  1966:  184) 

isodont  dentition; 
length=830mm . 

Leptodeira  . . . . 
Fitzinger 

. . opisthodont  dentition 
(Conant,  1958:  179) 

isodont  dentition 

Opheodrys  . . . . 
Fitzinger 

. . nlu/nh=l .39-1 .45 

(Auffenberg,  1963:  175; 
Holman,  1962:  259) 

nlu/nh=2 .46 

Oxybel is  Wagler  . 

. . opisthodont  dentition 
(Stebbins,  1954:  355); 
ratio  length  skull/width 
skull=4.5  (see  drawing, 
p.  453,  Stebbins,  1966) 

isodont  dentition; 
length  skui  I/width 
sk  u 1 1 =2 . 3 (see 
"Description") 

Pituophis  Holbrook 

. . nlu/nh=0.90-l  . 16 

(Auffenberg,  1963:  183) 

nlu/nh=2 .46 
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Genus 

Characteristic 

UNMSM  #0001 

Rhadinia  Cope  . . 

. . zygosphene  crenulated 
dorsal  ly  (Auffenberg,  1963: 
171;  Holman,  1959:  100); 
maximum  1 ength=405mm . 
(Conant,  1958:  140) 

zygosphene  con- 
cave dorsal ly; 
length=833mm . 

Rhinocheilus 

Baird  and  Girard 

. . posterodorsal  edge  of 
neural  spine  with  strong 
backward  projection 

posterodorsal  edge 
neural  spine  lacks 
strong  backward 
projection 

Sal vadora 

Baird  and  Girard 

. . nlu/nh= 1/54- 1/58 

(Auffenberg,  1963:  176) 

nlu/nh=2 .46 

Sonora 

Baird  and  Girard 

. . opisthodont  dentition 
(Stebbins,  1954:  355); 
maximum  length=482mm . 
(Stebbins,  1966:  175) 

isodont  dentition; 
1 ength=830mm . 

Tantilla 

Baird  and  Girard 

. . opisthodont  dentition 
(Stebbins,  1954:  355); 
maximum  1 ength=457mm . 
(Stebbins,  1966:  181) 

isodont  dentition; 
length=830mm . 

Trimorphodon  . . . 
Cope 

. . opisthodont  dentition 
(Stebbins,  1954:  355) 

isodont  dentition 

The  ratio  derived  by  dividing  length  of  centrum  (measured  from 
anterior  extremity  of  dorsal  lip  of  the  cotyle  to  the  posterior  extremity 
of  the  condyle)  by  condylar  width  (LCeAVCo),  is  also  useful  for  iden- 
tification. Such  a ratio  was  obtained  from  each  of  12-14  vertebrae 
selected  at  equal  intervals  (every  tenth  segment)  from  the  posterior 
thoracic  region0  (those  pre-cloacal  vertebrae  lacking  hypapophyses)  in 
each  of  seven  articulated  specimens  of  Pituophis  melanoleucus,  and 

two  each  of  Arizona 

elegans,  Coluber  constrictor. 

C . lateralis,  and 

^Segments  45-165  were  sampled  (posterior  thoracic  vertebrae  beyond 
this  point  often  tend  to  have  inconsistent  LCe/WCo  ratios,  as  do 
anterior  thoracic  segments).  In  a few  specimens  the  posterior  thoracic 
region  began  anterior  to  45.  This  accounts  for  any  N > 12,  since 
sampling  was  always  carried  to  165. 
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Lampropeltis  getulus.  When  fhe  mecn  LCe/WCo  values  from  each 
individual  are  plotted  against  its  correlative  overall  body  length 
(table  2,  fig.  5),  two  factors  are  immediately  apparent:  (1)  with 
increase  in  overall  body  length,  all  genera  show  consistently  greater 
LCe/WCo  values;  (2)  vertebrae  of  A.  el egans,  L.  getulus,  and 
P.  melanoleucus  possess  generally  like  LCe/WCo  values  for  similar 
overall  body  lengths  but  exhibit  consistently  lower  LCe/WCo  values 
than  do  vertebrae  from  specimens  of  the  genus  Coluber  with  similar 
overall  body  lengths. 

The  average  LCe/vVCo  value  from  posterior  thoracic  vertebrae  of 
UNMSM  0001  (Table  1),  plotted  as  a single  point  in  Figure  5,  lies 
close  to  the  line  of  best  fit  for  Recent  Coluber.  Arizona,  Lampropeltis, 
and  Pituophis  differ  significantly  from  UNMSM  0001  in  this  aspect. 

Ratios  derived  by  dividing  centrum  length  by  neural  arch  width 
(Auffenberg,  1963)  in  posterior  thoracic  vertebrae  of  Cemophora  Cope, 
Drymobius  Fitzinger,  Eiaphe,  and  Stilosoma  Brown  indicate  these  genera 
are  similar  in  this  aspect  to  Lampropeltis  and  Pituophis.  Such  ratios 
tend  to  separate  Coluber  sp.  from  the  latter  genera  in  a similar  manner 
to  that  seen  in  LCe/WCo  ratios.  Therefore,  I assume  that  LCe/WCo 
values  for  Cemophora,  Drymobius,  Eiaphe,  and  Stilosoma  would  be 
similar  to  those  of  Lampropeltis  and  Pituophis. 

UNMSM  0001  may  also  be  distinguished  from  some  of  the  previously 
mentioned  genera  by  ecological  criteria.  Axelrod  (1956:  table  17) 
reports  the  Hemphiliean  environment  of  fhe  Hazen  area  to  have  been 
basically  a "Riparian  occurrence  for  trees  in  semi-arid  open  grassland 
and  scrub  region  [;]  12"-15"  rain  as  summer  showers,  winter  rains;  cool 
winters."  The  Hazen  flora  includes  Jamesia  (Popuius),  Purshia,  and 
Rhus  (Axelrod,  1950:  244).  These  environmental  conditions  and  floral 
taxa  closely  agree  with  those  described  for  fhe  Southern  Oak  Woodland 
plant  community  of  Munz  and  Keck  (1965:  16).  Areas  of  Southern  Oak 
Woodland,  in  turn,  correspond  to  the  Upper  Sonoran  life  zone  of  Hall 
and  Grinnell  (1919:  51)  and  Grinnell  (1935:  plate  3).  Inasmuch  as 
UNMSM  0001  was  almost  certainly  not  an  allochthonous  element  of 
the  Hemphiilian  Hazen  biota,  I regard  it  as  an  Upper  Sonoran  animal . 
Chilomeniscus,  Chionactis,  and  Phyi lorhynchus  Stejneger  may  be 
distinguished  from  the  fossilized  snake  on  the  basis  of  their  exclusively 
Lower  Sonoran  occurrence.  Rhadinia  and  Farancia,  serpents  exclusively 
of  tropical  swamps  and  lowlands  of  the  southeast  U.S.,  may  be  likewise 
excluded . 
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Table  2.  Ratios  of  centrum  length-condylar  width  (=LCe/WCo)  from 
fifteen  specimens  (four  genera,  five  species)  of  Recent  colubrine  snakes 
(Univ.  Calif.  Museum  of  Paleontology).  L,  overall  body  length; 

N,  sample  size;  O.R.,  observed  range  LCe/WCo  (by  extreme  measure- 
ments); X,  mean;  S.D.,  standard  deviation. 


Species 

L 

N 

O.R. 

X 

S.D. 

Arizona  elegans 

4 19mm . 

13 

1.93-2.04 

1.98 

0.02 

II  It 

938 

12 

2.19-2.29 

2.23 

0.03 

Coluber  constrictor 

811 

14 

2.76-3.07 

2.90 

0.10 

II  II 

1140 

12 

3.12-3.32 

3.20 

0.05 

Coluber  lateralis 

660 

13 

2.61-2.96 

2.73 

0.09 

II  II 

1093 

13 

3.06-3.28 

3.16 

0.06 

Lampropeltis  getulus 

305 

16 

1.73-1.91 

1.82 

0.03 

II  II 

1093 

13 

2.56-2.76 

2.64 

0.07 

Pituophis  melanoleucus 

457 

14 

1.73-1.91 

1.83 

0.05 

II  II 

481 

12 

1.99-2.14 

2.07 

0.03 

II  II 

890 

12 

2.20-2.34 

2.27 

0.03 

II  II 

940 

12 

2.22-2.40 

2.33 

0.04 

II  II 

965 

12 

2.26-2.43 

2.35 

0.04 

II  II 

1244 

12 

2.53-2.68 

2.61 

0.03 

II  II 

1270 

12 

2.42-2.61 

2.52 

0.04 

LTNMSM  0001  is  here  assigned  to  the  genus  Coluber  on  the  basis  of 
similarity  of  nlu/nh  ratio  (Coluber=l .86-3.46;  UNMSM  0001=2.46), 
LCe/WCo  values,  ecological  similarities  (range  of  Coluber  includes  the 
Upper  Sonoran  life  zone),  as  well  as  the  differences  from  other  genera 
mentioned  above.  As  the  specimen  cannot  be  confidently  assigned  to 
any  particular  species,  I found  no  way  to  define  its  taxonomic  position 
more  precisely  than  to  genus.  Additionally,  since  other  fossilized 
colubrids  of  equivalent  age  have  been  considered  inseparable  from 
living  species,  I see  little  criteria  for  erection  of  a chronospecies . 

GASTROINTESTINAL  CONTENTS 

A fairly  well  preserved  fish  lies  within  the  rib  cage,  beginning  at 
about  the  level  of  the  thirty-second  vertebra.  From  this  point,  it 
extends  posteriorly,  parallel  to  the  serpent's  vertebral  column,  some 
60mm.  The  fish  lies  on  its  left  side  with  the  head  directed  posteriorly 
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in  relation  to  the  snake.  Posterior  to  this,  located  at  about  the  levels 
of  the  fifty-sixth  and  seventy-fourth  vertebrae,  are  poorly  preserved 
remains  of  two  other  fish . The  poor  condition  of  the  two  more  poste- 
riorly situated  fish  may  be  attributed  to  their  having  been  subject  to 
digestive  processes.  The  remains  of  the  two  posterior  fish  are  too  poorly 
preserved  to  identify,  but  the  anteriormost  is  tentatively  identified  as 
Gasterosteus  doryssus  Jordan. 


Figure  5.  Allometric  growth  in  posterior  thoracic  vertebrae  (-45-165) 
of  four  Recent  colubrine  genera  (five  species).  Ratios  of  length  of 
centrum  to  condylar  width  (=LCe/V/Co)  plotted  against  overall  body 
length,  data  in  Table  2.  Abscissa!  and  ordinate  scales  linear.  Lines  of 
best  fit  of  the  means  arranged  on  the  hypothesis  that  two  distinct  growth 
patterns  occur.  Each  entry  represents  values  of  samples  from  one 
individual.  Symbols  are  means.  Vertical  lines  are  observed  ranges. 
Rectangles  mark  standard  deviation.  Asterisk  represents  mean  (X)  of 
two  vertebrae  from  UNMSM  0001  (Table  1).  Length  of  UNMSM  000 1 
as  estimated  in  Figure  6. 
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PALEOAUTECOLOGY 

Knowledge  of  the  length  of  the  centrum  from  vertebra  70  (Table  1) 
makes  possible  a reasonable  estimate  of  the  overall  body  length  of 
UNMSM  0001 . Measurements  of  the  centrum  length  of  segment  70  from 
fifteen  Recent  colubrids  (four  genera,  five  species)  were  plotted  against 
the  corresponding  overall  body  length  of  each  individual . As  seen  in 
Figure  6,  length  of  centrum  in  vertebra  70  is  highly  correlated  with 
overall  body  length  in  most  of  the  Recent  specimens.  Placed  on  its 
correct  position  on  the  line  of  best  fit  in  Figure  5,  the  length  of  the 
centrum  from  vertebra  70  in  UNMSM  0001  indicates  the  specimen's 
original  length  was  equal  to  about  830mm. 

This  body  length  supports  certain  interpretations  as  to  the  age  and 
condition  of  sexual  maturity  of  UNMSM  0001  at  the  time  of  its  death. 
Fitch  (1963:  433)  recorded  lengths  of  Recent  specimens  of  Coluber 
constrictor  of  different  age  groups.  The  estimated  length  of  UNMSM 
0001  falls  within  the  two  year  age  group  as  given  by  Fitch.  Fitch 
reports  Recent  specimens  of  both  sexes  in  this  age  bracket  are  sexually 
mature;  I assume  that  at  the  time  of  its  death,  UNMSM  0001  was  mature 
also . 

The  serpent  may  have  died  from  its  inability  to  properly  swallow, 
or  regurgitate,  one  of  the  fish  contained  in  its  gastrointestinal  tract. 
Dissections  of  the  gastrointestinal  tract  of  Recent  colubrids  indicate  that 
the  cardiac  sphincter  of  the  stomach  of  UNMSM  0001  was  probably 
situated  at  about  the  level  of  the  sixtieth  vertebra  (jU90mm.  posterior 
to  the  snout).  Inasmuch  as  the  anteriormost  of  the  three  fish  present  is 
situated  between  the  levels  of  the  thirty-first  (95mm.  posterior  to  the 
snout)  and  the  forty-eight  (155mm.  posterior  to  the  snout)  vertebrae, 

I believe  that  the  fish  in  question  was  located  in  the  snake's  esophagous, 
rather  than  stomach,  at  the  time  of  the  serpent's  death.  The  sharp  dorsal 
spines  possessed  by  Gasterosteus  could  easily  have  become  lodged  in  the 
serpent's  gullet  in  such  a manner  as  to  prevent  further  esophageal  trans- 
port of  the  fish,  thus  causing  the  snake's  death. 

PALEO  ECOLOGY 

That  UNMSM  0001  was  not  alien  to  the  Hemphillian  Hazen  environ- 
ment is  indicated  by  the  presence  of  Gasterosteus  doryssus,  one  of  the 
previously  reported  genera  from  the  Hazen  diatomite  deposits,  in  the 
digestive  tract  of  the  serpent. 
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Figure  6.  Length  of  centrum  from  vertebra  70  compared  to  overall  body  length  in  fifteen  Recent  colubrids  (four 
genera,  five  species)  and  UNMSM  0001.  Estimated  overall  body  length  of  UNMSM  0001  based  on  the  generally 
rectilinear  relationship  between  increments  in  CL  and  OL  in  the  fifteen  Recent  specimens. 
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Liffle  can  be  added  to  the  general  description  of  that  environment, 
as  given  on  page  13.  With  respect  to  the  lacustrine  environment, 

Schorn  M970:  pers.  comm.)  reports  that  the  genera  of  diatoms  present  in 
the  diatomite  slab  upon  which  UNMSM  0001  is  preserved  include 
Cymbel  la  , Epi  thenia  , and  Surirella.  These  are  indicative  of  slightly 
saline  water  conditions  (Smith,  1950).  Additionally,  about  50%  of  the 
diatoms  present  were  encysted  at  the  time  of  deposition.  Saline  water 
conditions  are  here  interpreted  as  having  resulted  from  the  semi-arid 
condition  of  the  region,  and  the  encysted  state  of  many  of  the  diatoms 
indicates  that  burial  of  UNMSM  0001  occurred  during  a particularly 
dry  season,  perhaps  during  the  northern  summer  season. 

The  presence  of  fish,  recently  ingested  prior  to  the  death  of 
UNMSM  0001,  suggests  that  the  serpent  died  during  the  northern  summer 
season,  inasmuch  as  hibernation  began  and  feeding  activity  probably 
ceased  during  the  cool  winter  season. 

The  snake's  summer  home  range  probably  bordered  on,  or  surrounded, 
the  lake  or  stream  from  which  the  fish  were  obtained.  Fitch  (1963:  386) 
reports  maintenance  of  stable  summer  home  ranges,  averaging  6.6  acres 
in  area,  by  Recent  specimens  of  Coluber  constrictor . 

This  is  the  first  recorded  instance  of  any  Coluber,  fossil  or  Recent, 
having  consumed  fish. 
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MIOCENE  MAMMALS,  STRATIGRAPHY  AND 
ENVIRONMENT  OF  MURUAROT  HILL,  KENYA 

BY  CARY  T.  MADDEN 


ABSTRACT 

Fossil  mammals  from  Muruarot  Hill  in  northwestern  Kenya  are 
conspecific  with  mammals  in  the  Early  Miocene  fauna  of  Rusinga 
Island  indicating  that  the  age  of  the  Muruarot  Hill  fauna,  long 
disputed,  is  almost  certainly  Early  Miocene.  Analyses  of  the 
sediments  and  the  gastropod  and  mammal  faunal  indicates  that  the 
paleoenvi ronment  of  the  site  was  probably  semi-arid  and 
relatively  open  with  shallow,  swampy  lakes. 


INTRODUCTION 

Miocene  mammals  were  first  described  from  Muruarot  Hill, 
near  Lodwar,  in  northwestern  Kenya  (Fig.  1)  by  the  French 
paleontologist  Camille  Arambourg  (1933).  Arambourg  compared 
nearly  all  of  his  fossils  with  similar  mammals  from  the 
Burdigalian  of  Europe  and  concluded  that  they  were  more 
primitive,  and  therefore,  somewhat  older  than  their  closely 
related  European  counterparts.  He  consequently  placed  his 
fauna  in  the  earliest  Burdigalian  which  was  then  usually 
considered  to  be  the  earliest  subdivision  of  the  Miocene  Epoch 
(Davies,  1934).  Since  the  time  of  Arambourg's  report,  fossil 
mammals  have  been  recorded  from  Muruarot  Hill  by  several  workers 
(Deraniyaga la , 1951;  Whitworth,  1954,  1958;  Savage,  1965; 
Hooijer,  1968;  Churcher,  1970).  Although  most  of  the  taxa 
recorded  by  these  workers  are  generally  considered  to  be 
characteristic  of  an  Early  Miocene  age  (see  Table  1),  and  they 
thus  tended  to  substantiate  Arambourg's  relative  age 
determination,  the  age  of  the  Muruarot  fauna  has  nonetheless 
been  disputed  (see,  for  example:  Deraniyagala,  1948,  1951,  1955; 

Patterson,  in:  Reilly  et  al.,  1966;  Bishop,  1967;  Leakey,  in: 

Bishop,  1967;  Walsh  and  Dodson,  1969). 

In  March  and  April,  1948,  a field  party  from  the  University 
of  California  African  Expedition,  led  by  H.B.S.  Cooke,  collected 
over  300  specimens  of  fossil  mammals  from  deposits  at  Muruarot 
Hill.  Until  now,  only  one  specimen,  the  skull  of  the  rhinoceros 
Aceratherium  acu t iros tra turn  (Deraniyagala),  has  been  described 
from  this  large  collection,  almost  all  of  which  is  presently 
conserved  in  the  University  of  California  Museum  of  Paleontology 
(UCMP) , Berkeley.  The  new  faunal  components  recorded  in  this 
paper,  as  well  as  those  recorded  by  previous  workers,  support 
Arambourg's  assignment  of  the  Muruarot  Hill  fauna  to  the  Early 
Miocene . 
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TABLE  1 

FOSSIL  MAMMALS  PREVIOUSLY  RECORDED  FROM  MURUAROT, 
WITH  TAXONOMIC  REVISIONS 


ORIGINAL 

Hyaenodon  andrews i Savage ^ 

Kichechia  zamanae  Savage* 

Mastodon  cf.  angus tidens  Cuvier^ 

Pliohyrax  champ ioni  Arambourg'1 

Turkana therium  acutirostratum 
Deraniyagala"^ 

Acerather ium  acutirostratum 


PECORA  Incertae  Sedis  (medium 
and  large  spp.)"* 


REVISION 


Gompho therium  angustidens 
(Cuvier) 

Megalohyrax  champ ioni 
(Arambourg)^ 

Acerather ium  acutirostratum 
(Deraniyagala)^ 

Acerather ium  acutirostratum 
(Deraniyagala)  [in  part] 

Acerather ium  or  Dicerorhinus 
sp.  [in  part] 

Acerather ium  or  Dicerorhinus 
sp . 

Bunolistr iodon  jeanelli 
(Arambourg)  ' 

Suidae  gen.  et  sp.  indet. 

Brachyodus  sp.  indet. 


Propa laeoryx  nyanzae 
Whitworth*-0 

Palaeotragus  ? primaevus 
Churcher 

Giraffoidea  indet. 

PECORA  indet.  (medium  and 
large  spp.) 


(Deraniyagala)^ 

Acerather ium?  sp.^ 

Listriodon  jeanelli  Arambourg^ 
Suide  indeterminez 
Brachyodus ? sp.^ 

Dorca therium  chappuis i Arambourg^ 
Dorcather ium  pigotti  Whitworth^ 
Dorcatherium  parvum  Whitworth^ 
Palaeomeryx  afr icanus  Whitworth"" 
Pa laeotragus  primaevus  Churcher^ 
Bovide  indetermine ^ 


1. 

Savage  (1965) 

6. 

Churcher  (1970) 

2. 

Arambourg  (1933) 

7. 

Arambourg  (1947) 

3. 

Deraniyagala  (1951) 

8. 

Whitworth  (1954) 

4. 

Hooijer  (1968) 

9. 

Arambourg  (1959) 

5. 

Whitworth  (1958) 

10. 

Hamilton  (1971,  written 

communication) 
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GEOGRAPHIC  AND  STRATIGRAPHIC  OCCURRENCE 

The  University  of  California  Museum  of  Paleontology  faunal 
collection  was  recovered  from  two  localities.  The  primary 
locality  is  designated  Muruarot  2 (UCMP  locality  V-48100) . 
Although  Arambourg  stated  in  his  initial  report  (1933)  and  in 
subsequent  ones  (1943,  1947)  that  his  fossils  originated  from 
Losodok,  the  members  of  the  University  of  California  field  party 
found  Arambourg* s quarry  at  Muruarot  2 when  they  first  began 
excavations  in  1948  (Cooke,  1948,  in  manuscript;  University  of 
California  African  Expedition  Field  Catalogue;  Phillips,  1949). 


site  of  Arambourg's  fossil  quarry  is  indicated 
by  an  "F".  Adapted  from  Arambourg  (1933). 

This  site  also  has  yielded  most  of  the  fauna  recorded  by  worker? 
subsequent  to  Arambourg.  It  is  located  on  the  southeast  sloDe 
of  Muruarot  Hill,  approximately  20  miles  N.E.  of  Lodwar  anc  12 
miles  W.  of  Lake  Rudolf,  in  the  Lothidok  Hills  region  of  northern 
Turkana  District,  northwestern  Kenya  (03°  15'N,  35c  47*E).  The 
base  of  the  principal  fossiliferous  stratum  is  about  1700  feet 
above  sea  level,  some  90  feet  above  the  present  level  of  Lake 
Rudolf.  The  secondary  locality,  Muruarot  1 (UCMP  locality 
V-4898) , is  situated  on  the  north  face  of  Muruarot  Hill  about 
three-fifths  of  a mile  from  the  main  site.  The  principal  and 
virtually  only  fossiliferous  bed  is  the  same  as  that  of  Muruarot 
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2.  The  Muruarot  general  locality  has  been  known  in  the  past  by 
several  names  and/or  spellings,  namely  Losodok  (Arambourg,  1933, 
1943,  1947),  Moruaret  Hill  (Deraniyagala , 1951;  Hooijer,  1968), 
Moruorot  South  (Savage,  1965),  Moruorot  Hill  (Churcher,  1970), 
Muruaret  Hill  (Deraniyagala,  1948),  Lodwar,  Moruoret  and  Moruorot 
(Bishop,  1967).  The  name  Muruarot  is  used  here  since  this  name 
appears  on  the  most  recent  geological  map  of  the  northern  Turkana 
area  (in:  Walsh  and  Dodson,  1969). 

The  stratigraphic  succession  at  Muruarot  Hill  and  in  the 
neighboring  region  was  mapped  and  studied  in  detail  by  Arambourg 
in  1933  (Arambourg,  1933,  1943),  Cooke  in  1948  (personal  field 
notes),  and  by  Walsh  and  Dodson  in  1963  (Walsh  and  Dodson,  1969). 
The  following  account  of  the  stratigraphy  is  based  upon  the 
studies  of  these  workers. 

The  Muruarot  succession  consists  of  approximately  640  feet 
of  interbedded  analcimic  and  augitic  basalts  and  volcaniclastic 
sediments.  The  beds  strike  approximately  north,  dip  from  15°  to 
23°  west,  and  are  well  exposed  on  the  north  and  southeast  slopes 
of  the  hill.  The  principal  fossi lif erous  level,  which  Cooke 
designated  Bed  14,  is  the  same  as  Arambourg's  Bed  5 (Univ.  Cal. 
Afr.  Exped . Field  Cat.),  which  yielded  most  of  the  fauna 
described  by  the  latter  worker  (Arambourg,  1933,  1943).  Cooke's 
Bed  14  consists  of  8-15  feet  of  hard,  fine  grained,  marly, 
purplish-red  sandstones  with  conglomerate  lenses.  The  upper 
surface  of  the  bed  is  in  many  places  cemented  by  plates  of 
calcium  carbonate;  many  of  the  fossils  have  been  coated  and 
impregnated  with  this  mineral,  thus  insuring  their  preservation. 
Bed  14  is  underlain  and  overlain  by  gray,  flaggy  sandstones,  and 
it  lies  about  300  feet  above  the  lowest  observable  beds.  The 
Muruarot  succession  itself  rests  unconf ormably  on  a faulted 
basalt  flow  of  unknown  thickness  and  is  overlain  by  a thick  lava. 
The  latter  is  in  turn  overlain  by  intercalated  phonolites  and 
purplish  marls,  which  make  up  the  summit  of  Muruarot  Hill 
(Arambourg,  1933;  Cooke,  personal  field  notes).  The  analcimic 
and  augitic  basalts  of  the  Muruarot  succession  belong  to  what  the 
Geological  Survey  of  Kenya  calls  the  Tvb^  Series  (Walsh  and 
Dodson,  1969).  F.M.  Consultants  (in:  Baker  et  al,,  1971)  have 

very  recently  dated  whole  rock  samples  from  apparent  Tvb^ 
correlatives,  the  Samburu  Basalts,  near  Maralal,  Kenya,  at  23  + 
3.2,  19.8  + 3.1  and  18.5  + 2.9  million  years  B.P.  by  K^/A^O. 
These  age  determinations  and  correlations,  if  correct,  suggest 
an  Early  Miocene  age  for  the  Muruarot  basalts,  interbedded 
sediments  and  fauna. 


FAUNA 

The  fauna  collected  from  Muruarot  Hill  includes  fresh-water 
gastropods,  fishes  (Polypterus) , trionychid  turtles,  crocodiles, 
pythonine  snakes,  and  mammals  ranging  in  size  from  small  rodents 
to  large  proboscideans.  As  mentioned  above,  there  are  over  300 
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mammalian  fossils  in  the  University  of  California  collection. 

All  but  about  thirty  of  these  specimens  are  identifiable  to 
species,  genus,  family,  or  superfamily.  The  great  majority  of 
the  identifiable  fossils  consist  of  either  postcranial  bones  or 
jaws  and  teeth,  a few  of  which  show  signs  of  having  been  gnawed 
by  rodents.  The  original  1948  collection  yielded  only  two 
skulls:  a rodent,  which  probably  represents  Paraphiomys  pigotti 

Andrews,  and  the  previously  mentioned  rhinocerotid , Acerather ium 
acutirostratum  (Deraniyagala) . The  latter  is  conserved  in  the 
Colombo  National  Museum,  Ceylon.  Only  one  skeleton,  referable 
to  a new  palaeomerycid  girrafoid  genus  and  species  soon  to  be 
described  by  Dr.  W.R.  Hamilton,  is  present  in  the  collection. 
Eleven  mammal  skeletons  have  been  reported  previously  from  the 
Miocene  of  East  Africa  (Clark  and  Thomas,  1951;  Mac  Innes , 1956, 
1957;  Butler,  1956;  Whitworth,  1958;  Napier  and  Davies,  1959; 
Hooijer,  1966).  The  Muruarot  skeleton  will  be  described  shortly 
by  Dr.  W.R.  Hamilton  of  the  Department  of  Paleontology,  British 
Museum  (Natural  History).  The  dominant  groups  in  the  Muruarot 
fauna  are  long-limbed  rhinoceroses  and  suiform  and  pecoran 
artiodactyls . 

The  mammalian  faunal  components  in  the  University  of 
California  collection  are  listed  in  Table  2 along  with  those 
previously  recorded  from  Muruarot  Hill.  The  Muruarot  fauna  is 
similar  to  that  collectively  recorded  from  Rusinga  Island,  Lake 
Victoria,  Kenya  (see  Bishop,  1967),  and,  indeed,  it  appears  that 
there  are  few  East  African  sites  that  have  a fauna  which  is  more 
like  that  of  Rusinga  Island  than  Muruarot.  Most  of  the  Rusinga 
fauna  has  been  recovered  from  the  Hiwegi  Formation,  which  has 
been  estimated  to  be  about  18.5  million  years  old  by  its 
stratigraphic  position  in  relation  to  other  rad iometr ica lly  dated 
strata  (Van  Couvering  and  Miller,  1969).  This  estimation 
provisionally  places  the  Hiwegi  Formation  and  its  fauna  within 
the  later  part  of  the  Early  Miocene. 

Of  special  interest  in  the  Muruarot  fauna  are  the  ape 
Dryopithecus  nyanzae  (Clark  and  Leakey)  and  two  large  giraffoids. 
The  ape  is  represented  by  an  infant  mandibular  ramus  (UCMP  52112) 
which  possesses  a nearly  complete  deciduous  fourth  premolar;  an 
erupting  permanent  first  molar,  an  anterior  portion  of  the  second 
molar;  a distal  portion  of  the  permanent  canine;  and  the 
unerupted  permanent  third  and  fourth  premolars.  D.  nyanzae  has 
been  recorded  previously  from  Rusinga  Island,  Songhor,  Koru  and 
Maboko  Island  (Clark  and  Leakey,  1951;  Pilbeam,  1969).  The 
large  giraffoids  are  the  giraffid  Palaeotragus  primaevus  Churcher 
and  the  palaeomerycid  Palaeomeryx  Meyer,  which  has  only  been 
recorded  previously  from  Rusinga  Island  and  Bukwa  II,  Uganda 
(Whitworth,  1958,  Walker,  1969).  The  former  species  is  almost 
certainly  congeneric  with  a new  taxon  soon  to  be  described  by 
Hamilton  (Madden;  in  preparation);  the  latter  species, 
represented  by  a single  very  large,  brachyodont  upper  molar 
(UCMP  41975),  appears  to  be  the  largest  palaeomerycid  known  from 
Early  Miocene  deposits.  These  giraffoids,  as  well  as  ones  soon 
to  be  described  by  Hamilton  (1971,  written  communication), 

5 


no . 14- 


table  2 

LIST  OF  MAMMALIAN  FAUNA  FROM  MURUAROT  1 AND  2 

1 2 

PRIMATES 

Pongidae:  Drvoplthecus  nyanzae  (Clark  & Leakey)  X 

RODENTIA 

Phiomyidae:  Paraphionrys  pigotti  Andrews  X X 


CREODONTA 

Hyaenodontldae:  Anasinopa  leakeyi  Savage 

Hyaenodon  andrewsi  Savage* 

gen.  et  sp.  indet.  X 

CARNIVORA 

Viverridae:  Kichechia  zamanae  Savage* 

PROBOSCIDEA 

Gomphotheriidae:  Gomphotherium  angus t idens  (Cuvier)* 

gen.  et  sp.  indet.  X 

Deinotheriidae:  Prodeinotherium  bavaricum  (Meyer)  X 


HYRACOIDEA 

Procaviidae:  TProhyrax  tertiarius  Stromer 

Geniohyidae:  Megalohyrax  championi  (Arambourg)*  X 


PERISSODACTYLA 

Rhinocerotidae:  Aceratherium  acutlros traturo  (Derani- 

yagala)* 

Aceratherium  or  Dicerorhinus  sp.*  X 

gen.  et  sp.  indet.  X 

ARTIODACTYLA 

Suidae:  Palaeochoerus  darteve llei  Hooijer 

Palaeochoerus  sp.  indet.  [small  sp.]  X 

Listriodon  sp.  indet.  [small  sp.] 
Bunolistriodon  jeanelli  (Arambourg)*  X 

Diamontohyus  africanus  Stromer 
gen.  et  sp.  indet.*  X 

Anthracotheriidae:  Brachyodus  sp.  indet.*  ? 

Tragulidae:  Dorcatherium  chappuis 1 Arambourg* 

Dorcatherium  pigotti  Whitworth*  X 

Dorcatherium  parvum  Whitworth*  - X 

Palaeomerycidae:  Propalaeoryx  nyanzae  Whitworth*  X X 

Palaeomeryx  sp.  indet.  [large  sp.J  - X 

gen.  et  sp,  nov.  X X 

Giraffidae:  Palaeotragus?  primaevus  Churcher*  X X 

Giraffoidea  indet.:  [medium  and  large  spp.]*  X X 

Bovidae:  Walangania  africanus  (Whitworth)  X 

Pecora  indet.: [medium  and  large  spp.  1* X X 

♦Fossil  mammals  previously  recorded  from  Muruarot  Hill. 
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demonstrate  that 
by  the  beginning 
date  back  to  the 


the  Giraffoidea  were  a highly  diversified  group 
of  the  Miocene  Epoch  and  that  their  origin  must 
Late  Oligocene  and  perhaps  even  earlier. 


AGE 

Since  1948  there  have  been  four  or  more  hypotheses  proposed 
as  to  the  age  of  the  Muruarot  fauna  (see  Table  3). 

Deraniyagala  (1948,  1951,  1955)  felt  that  the  fauna  was  either 
Pleistocene  or  Pliocene,  but  other  workers  such  as  Patterson  (in: 
Reilly  et  al.,  1966)  and  Walsh  and  Dodson  (1969)  have  suggested  a 
Late  Miocene  age.  The  hypotheses  of  these  workers  have  been 
largely  based  upon  two  bovid  horn  cores  which  were  apparently 
recovered  from  superficial  deposits  at  Muruarot  Hill.  It  is 
widely  held  that  horned  bovids  do  not  appear  in  the  geological 
record  until  Late  Miocene  times,  and  thus  their  presence  in  any 
fauna  supposedly  indicates  that  that  particular  fauna  cannot  be 
older  than  Late  Miocene  in  age.  Horned  bovids,  namely  Gazell a , 
Eotragus  and  Protragocerus , have  now,  however,  been  reported  from 
the  Early  Miocene  of  Gebel  Zelten,  Libya  by  Hamilton  (1971, 
written  communication);  and  Hamilton  also  has  transferred  the 
East  African  Early  Miocene  pecoran  Wa langania  af r icanus 
(Whitworth)  to  the  Bovidae.  Consequently,  it  can  now  be 
concluded  that  the  Muruarot  fauna  could  be  older  than  the  Late 
Miocene  even  if  the  horn  cores  belong  to  that  fauna,  which  they 
probably  do  not. 

The  confusion  about  the  age  of  the  Muruarot  fauna  has 
resulted  because  two  faunas  of  differing  ages  have  been  recovered 
from  the  locality.  One  of  these  faunas  is  of  Tertiary  age;  the 
other  is  probably  Quaternary.  The  latter  consists  of  Equus , 
Phacochoerus , Alee laphus  and  Connochaetes . This  fauna  yielded 
one  of  the  bovid  horn  cores  (Univ.  Cal.  Afr.  Exped . Field  Cat.) 
mentioned  above,  and  perhaps  the  other.  The  Tertiary  fauna  is 
almost  certainly  of  Early  Miocene  age.  This  is  indicated  because 
the  fauna  recorded  here  (Tables  1 and  2)  is  taxonomica 1 ly 
similar  to  that  collectively  recorded  from  Rusinga  Island.  Thus, 
Arambourg  (1933)  was  almost  certainly  correct  in  his  assignment 
of  the  Muruarot  Hill  fauna  to  the  Early  Miocene. 


ENVIRONMENT 

The  environment  of  Muruarot  Hill  at  the  time  of  the  fauna's 
deposition  appears  to  have  been  a semi-arid,  relatively  open  one 
with  shallow,  swampy  lakes.  This  reconstruction  is  based  on 
preliminary  analysis  of  the  f oss i 1 -bea r ing  sediments  by  Professor 
R.  Hay,  on  analysis  of  the  associated  gastropod  fauna  by  Mr.  D. 
Van  Damme  and  Dr.  A.  Gautier,  and  on  the  presence  of  certain 
mammalian  species  in  the  collection  from  the  locality. 

Hay  (1971,  personal  communication)  states  that  the  matrix 
samples  from  the  fossil-bearing  level,  Bed  14,  are  analcime- 
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table  3 

PREVIOUS  HYPOTHESES  AS  TO  THE  AGE  OF 


WORKER 

Arambourg  (1933) 

Cooke  (1948,  in  manuscript) 
Deraniyagala  (1948) 

Deraniyagala  (1951) 

Deraniyagala  (1955) 

Patterson  (in:  Reilly  et  al.,  1966) 

Bishop  (1967) 

Leakey  (in:  Bishop,  1967) 


Patterson  (in:  Walsh  and  Dodson, 

1969) 

Walsh  and  Dodson  (1969) 


THE  MURUAROT  FAUNA 

CONCLUSION 

Early  Miocene 

Early  Miocene 

Pleistocene 

Pliocene 

Pleistocene 

Late  Miocene 

?Ear ly  Miocene 

Early  Miocene 
and 

Late  Miocene 
or 

Pliocene 
Late  Miocene 
Late  Miocene 
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bearing  red  sandstones  similar  to  other  analcimic  red  beds  such 
as  the  Chinle  (Triassic)  of  Utah  and  Wyoming  and  those  of  Olduvai 
Gorge  in  Tanzania.  Such  deposits  are  generally  thought  to  be 
indicative  of  saline,  alkaline  chemical  conditions  in  semi-arid 
or  arid  environments  (Hay,  1966).  Thus,  minimally,  a semi-arid 
environment  seems  to  be  indicated  for  the  locality. 

The  gastropod  fauna  described  from  Muruarot  by  Van  Damme 
and  Gautier  (1972)  consists  of  Lanistes  car inatus  (Oliver),  Pila 
ova  ta  (Oliver) , Cerastua  miocenica  (Vercourt)  and  Burtoa  nilot ica 
verdccur ti  Crowley  and  Pain.  Van  Damme  and  Gautier  (1972) 
conclude  that  these  gastropods,  which  were  found  in  direct 
association  with  the  Miocene  mammal  fauna,  indicate  a relatively 
open  habitat  with  shallow,  swampy  lakes.  Similar  gastropods  are 
also  recorded  from  Muruarot  by  Verdcourt  (1963),  who  also 
concludes  that  the  paleoenvironment  of  the  locality  included 
swampy  lakes . 

The  reconstruction  given  here  for  the  Muruarot 
paleoenvironment  is  also  based  upon  the  presence  of  certain 
mammal  species  in  the  fauna.  For  example,  Whitworth's  study  of 
the  postcranial  skeleton  of  the  large  hyracoid  Megalohyrax 
championi  (Arambourg) , particularly  the  fore  and  hindlimbs,  led 
him  to  conclude  that  this  creature  was  almost  certainly  adapted 
for  rapid  locomotion  in  relatively  open  country,  the  most 
suitable  habitats  being  either  parkland  or  savannah.  Similarly, 
the  small  proboscidean  Prode inother ium  bavar icum  (Meyer)  and  the 
large  anthracothere  Brachyodus  Deperet  are  typical  of  lacustrine 
and  riverine  sites  of  Miocene  age  in  East  Africa  (Bishop,  1968). 
The  recovery  of  the  above  mammal  species  from  the  Muruarot 
localities  partly  reinforces  the  conclusions  based  upon  the 
sediments  and  gastropods  that  the  Muruarot  environment  was  a 
semi-arid,  rather  open  one  with  shallow,  swampy  lakes.  The 
Muruarot  paleoenvironment  seems  to  have  been  strikingly  similar 
to  some  of  the  habitats  of  Rusinga  Island,  which  during  Early 
Miocene  times  appears  to  have  been  principally  an  area  of  semi- 
arid  habitats,  namely  parklands,  steppes  and  savannahs  with 
shallow,  ephemeral  lakes  and  flood  plains  (Whitworth,  1953,  1958). 
The  presence  of  the  ape  Dryop ithecus  nyanzae  at  Muruarot  indicates 
that  it  most  probably  inhabited  the  semi-arid,  relatively  open 
environment . 

The  Muruarot  general  locality  has  yielded  one  of  the  more 
complete  and  one  of  the  oldest  mammalian  faunas  known  from  East 
Africa.  This  fauna  should  become,  when  the  Muruarot  interbedded 
lavas  are  isotopically  dated,  one  of  the  best  dated  of  all 
African  fossi-l  mammal  faunas.  This  report  extends  the 
paleozoogeographic  range  of  the  following  mammals  to  Muruarot 
Hill:  Dryopithecus  nyanzae , Anas inopa  leakeyi , Prode inother ium 

ba varicum,  Palaeochoerus  dar tevelle i , Palaeochoerus , Lis tr iodon , 
Diamontohyus  af r icanus  and  Walangania  af r icanus . Additional 
faunal  components  from  Muruarot  Hill  are  present  in  the  Kenya 
National  Museum  in  Nairobi.  These  specimens  await  description 
and  taxonomic  identification.  The  field  party  from  the  University 
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of  California  African  Expedition  also  collected  a small  sample 
of  fossil  mammals  from  nearby  Lothidok  (=Losodok)  Hill.  Since 
the  fossils  recorded  from  Lothidok  by  Arambourg  (1933)  are 
actually  from  Muruarot  Hill,  the  mammals  collected  by  the 
University  of  California  party  constitute  the  first  fauna  ever 
recovered  from  Lothidok  Hill.  This  fauna  has  very  recently  been 
the  subject  of  a brief  study  (see:  Madden,  1972,  in  manuscript) 
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ABSTRACT 

The  Vedder  mammal  locality  of  Hemingf ord ian  Land  Mammal  Age  is 
located  in  a non-marine  tongue  of  the  predominantly  marine  Branch 
Canyon  Formation.  The  Branch  Canyon  Formation  has  "Temblor" 

Stage  megainvertebrate  fossils  and  Saucesian  Stage  f oraminiferal 
fossils.  Taxa  from  the  locality  include  a shrew  (cf . Limnoecus 
sp.),  mole  (Scalopoides  sp.),  bat  (?Phyllostomatidae) , rabbit 
(Hypolagus  cf.  H.  apachensis) , pika  (Cuyaroalagus  dawsoni  n.  gen., 
n.  sp.),  ground  squirrel  (Miospermophilus  sp.),  and  flying  squir- 
rel (Blackia  sp.).  Rodents  and  horses  to  be  discussed  in  subse- 
quent parts  of  the  faunal  study  form  the  basis  for  the  age  deter- 
mination of  the  fauna. 


INTRODUCTION 

Hemingford ian  mammal  faunas  are  rare  in  the  Pacific  Coast 
region  of  North  America.  Most  of  those  previously  described  are 
large-mammal  assemblages.  The  Vedder  locality  provides  the  most 
diverse  small-mammal  Hemingfordian  fauna  yet  known  from  this 
large  area.  Description  of  the  fauna  is  divided  into  three  parts 
this  part  includes  the  Insectivora,  Chiroptera,  Lagomorpha,  and 
sciurid  Rodentia.  Part  II  will  include  the  eomyid  and  heteromyid 
Rodentia;  Part  III  will  include  the  larger  mammals. 

Fossils  described  below  were  collected  from  a single  locality 
discovered  by  J . G.  Vedder  in  1967  while  mapping  the  marine 
Branch  Canyon  Formation  west  of  the  Cuyama  Badlands.  Most  of  the 
fossil  vertebrates  previously  collected  in  Cuyama  Valley  were 
found  in  sediments  of  the  Caliente  Formation  on  the  east  and 
north  sides  of  Cuyama  Valley  in  parts  of  Ventura  and  Santa 
Barbara  counties,  California.  Fossil  mammals  from  the  Cuyama 
Badlands  were  first  reported  by  C.  L.  Gazin  (1930).  Later  re- 
ports on  the  fossil  fauna  were  made  by  A.  E.  Wood  (1937),  V.  L. 
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VanderHoof  (1939),  J.  F.  Dougherty  (1940),  C.  Stock  (1947),  D.  E. 
Savage  (1957),  and  C.  A.  Repenning  and  J.  G.  Vedder  (1961). 

G.  T.  James  (1963)  published  a comprehensive  study  of  the  Cuyama 
Badlands  fossil  vertebrate  fauna  based  on  extensive  reconnais- 
sance and  collecting,  including  underwater  screen  washing,  of 
previously  known  and  new  localities.  As  noted  by  earlier  authors 
and  summarized  by  James,  the  Caliente  Formation  of  Cuyama  Valley 
contains  a diverse  and  long-ranging  fauna.  James  recognized 
mammal  faunas  assignable  to  four  North  American  Land  Mammal  Ages 
(Hemingfordian,  Barstovian,  Clarendonian,  and  Hemphillian)  in  the 
Caliente  Formation. 

The  Vedder  locality  is  west  of  the  Cuyama  River  in  a tributary 
of  Tennison  Canyon,  34°  51*  05"  N,  119°  33'  13"  W,  at  an  eleva- 
tion of  3120  feet,  Santa  Barbara  County,  California.  The  beds 
containing  the  site  are  tilted  and  locally  faulted.  Fossils  were 
recovered  from  a mottled,  brown  and  green  mudstone  overlying  a 
localized  six- inch -thick  white  limestone  and  underlying  oyster- 
bearing beds.  The  present  sample  from  the  site  includes  only 
mammals.  Collections  from  this  locality  are  preserved  in  the 
University  of  California  Museum  of  Paleontology  and  United  States 
Geological  Survey  at  Menlo  Park  where  they  are  catalogued  under 
locality  numbers  V6761  and  M-1090  respectively.  The  latter  col- 
lection consists  of  only  larger  vertebrates  and  the  initial  dis- 
covery material.  Small  vertebrates  were  recovered  by  underwater 
screening  of  about  750  to  1000  pounds  of  matrix  collected  by 
University  parties.  One  millimeter  pore  brass  screen  (24  mesh) 
was  used . 

The  Branch  Canyon  Formation  is  a lateral  equivalent  of  the 
lower  part  of  the  Caliente  Formation  (Repenning  and  Vedder,  1961). 
Vedder  (in  letter,  1972)  states,  "the  red  bed  zone  from  which  the 
vertebrate  material  was  collected  contains  marine  invertebrate 
assemblages  of  middle  Miocene  age  ("Temblor"  Stage)  west  of 
M-1090  so  that  there  is  no  apparent  correlation  problem. . .More 
than  1,500  feet  of  strata  beneath  the  vertebrate  locality  con- 
tain middle  Miocene  mollusks,  and  the  only  Saucesian  forams  from 
the  marine  sequence  north  of  Fox  Mountain  were  collected  about 
1,400  feet  below  it." 

The  Hemingfordian  age  of  the  Vedder  local  fauna  is  based  pri- 
marily upon  specific  identity  of  several  rodents  with  those  at 
Hemingfordian  sites  in  the  Great  Plains  (especially  Martin  Canyon 
Quarry  A of  Wilson,  1960;  see  McKenna,  1965:17,  regarding  the 
mammal  age  assignment  of  Quarry  A)  and  identity  of  the  equids 
with  those  at  other  Californian  localities  generally  considered 
Hemingfordian  in  age. 

Taxonomic  parts  of  this  paper  were  compiled  separately  by 
Lindsay  (rodents)  and  Hutchison  (other  mammals).  Augusta  F. 

Lucas,  staff  artist  of  the  Museum  of  Paleontology,  drew  figures 
5 and  7.  The  authors  drew  the  remaining  figures.  Terminology 
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and  abbreviations  for  dental  characters  of  the  Sciuridae  are  il- 
lustrated in  figure  6.  Terminology  for  other  groups  follows  that 
in  general  usage.  All  measurements  are  given  in  millimeters. 
Abbreviation  UCMP  refers  to  University  of  California  Museum  of 
Paleontology . 


SYSTEMATICS 

Order  INSECTIVORA  Illiger,  1811 
by  J.  H.  Hutchison 

Family  TALPIDAE  Fischer  von  Waldheim,  1817 
Subfamily  TALPINAE  Fischer  von  Waldheim,  1817 
Tribe  SCALOPINI  Trouessart,  1879 
Genus  Scalopoides  Wilson,  1960 

Stratigraphic  and  geographic  occurrence:  Pawnee  Creek  Formation, 

Logan  County,  Colorado;  Colter  Formation,  Teton  County,  Wyoming; 
Monroe  Creek  Formation,  Shannon  County,  South  Dakota;  Deer  Butte 
Formation,  Butte  Creek  Volcanic  Sandstone,  and  Juntura  Formation, 
Malheur  County,  Oregon;  Beatty  Butte,  Harney  County,  Oregon; 

Guano  Ranch,  Lake  County,  Oregon;  Branch  Canyon  Formation,  Santa 
Barbara  County,  California. 

Age : Arikareean,  Hemingford ian,  Barstovian  and  Clarendonian. 

Scalopoides  sp . 

Material:  UCMP  loc.  V6761  - UCMP  96281,  damaged  left  M ; UCMP 

96282,  damaged  right  humerus  lacking  distal  end,  head,  and  parts 
of  tuberosities  and  pectoral  crest;  UCMP  96283,  left  metacarpal 
V;  UCMP  96284,  damaged  metacarpal  IV;  UCMP  96285-96286,  two  prox- 
imal phalanges  of  manus;  UCMP  96287,  unciform;  UCMP  96388,  dam- 
aged ungual  phalanx  of  manus. 

Description:  A damaged  M (Fig.  la)  resembles  the  Barstovian 

Scalopoides  r ipaf od iator  Hutchison  (1968)  from  Oregon  in  propor- 
tions and  relatively  small  metaconule.  M1  of  S_.  isodens  Wilson 
(1960)  from  the  Hemingford ian  Martin  Canyon  Quarry  A,  Colorado, 
is  not  known. 

The  humerus  (Fig.  lb)  resembles  Scalopoides  in  major  features 
and  _S.  ripaf  od  iator  more  closely  than  j>.  isodens . It  is  slightly 
smaller  and  proportionately  more  slender  and  delicate  than  that 
of  J5.  ripaf  od  iator . 
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Fig.  1.  Scalopoides  sp.  a.  UCMP  96281,  damaged  left  M , 
occlusal  view.  b.  UCMP  96282,  damaged  left  humerus,  anterior 
(right)  and  posterior  views,  c.  UCMP  96283,  left  metacarpal  V, 
lateral  and  ventral  views,  d.  UCMP  96285,  proximal  digit  of 
manus,  dorsal  and  lateral  views.  Scale  lines  = 1 ram. 
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Metacarpal  V (Fig.  lc)  and  metacarpal  IV  are  not  directly  com- 
parable to  the  named  species  of  Sea lopoides . In  comparison  with 
metacarpal  III  of  ripaf odiator  (Hutchison,  1968,  fig.  58),  the 
Vedder  specimens  are  perhaps  more  slender,  but  are  not  as  long  as 
in  Neurotr ichus  gibbsii  (Baird).  Two  proximal  phalanges  of  the 
manus  (Fig.  Id),  probably  from  digits  II,  III  or  IV,  are  about  as 
squat  as  in  _S.  isodens  and  thus  shorter  than  some  pos t-Barstovian 
specimens  referred  to  Scalopoides  (Hutchison,  1968;78,  Table  17). 
UCMP  96287  is  the  first  unciform  assignable  to  Scalopoides  but  at 
present  sheds  little  light  on  the  relationships  of  this  species. 

Discussion:  General  agreement  in  size,  functional  grade,  and 

comparative  morphology  of  the  Vedder  talpid  specimens  indicates 
they  represent  only  one  species.  The  overall  slenderness  of  ele- 
ments indicates  a mole  less  specialized  postcranially  than  the 
Barstovian  Scalopoides  r ipaf od iator  from  Oregon,  which  in  turn  is 
less  specialized  than  the  early  Hemingf ord ian  _S.  isodens  from 
Colorado.  Robustness  of  the  proximal  phalanges  is  probably  not 
significant  considering  the  wide  range  in  proportions  in  the 
small  samples  available  for  comparison  and  lack  of  knowledge  of 
which  digit  they  represent.  The  Vedder  Scalopoides  as  presently 
known  would  provide  a temporally  suitable  ancestor  for  J>.  r ipa- 
f od iator  but  not  for  jS.  isodens . It  indicates  the  presence  of  at 
least  two  lineages  of  Scalopoides  in  the  Hemingf ord ian. 


Fig.  2.  Cf.  Limnoecus  sp.  a.  UCMP  82147,  right  M-^,  labial, 
lingual,  and  occlusal  views,  b.  UCMP  82145,  left  I , lingual 
and  posterior  views.  Scale  line  = 1 mm. 
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Family  SORICIDAE  Fischer  von  Waldheim,  1817 
Subfamily  LIMNOECINAE  Repenning,  1967 
Genus  Limnoecus  Stirton,  1930 

Stratigraphic  and  geographic  occurrence:  Pawnee  Creek  Formation, 

Logan  County,  Colorado;  Split  Rock  Formation,  Fremont  County, 
Wyoming;  Valentine  Formation,  Cerry  County,  Nebraska;  Ogallala 
Formation,  Trego  County,  Kansas;  Butte  Creek  Volcanic  Sandstone 
and  Rome  beds,  Malheur  County,  Oregon;  Barstow  Formation,  San 
Bernardino  County,  California;  Caliente  Formation,  Ventura  County, 
California;  Branch  Canyon  Formation,  Santa  Barbara  County,  Cali- 
fornia . 


Age : Hemingf ord ian,  Barstovian,  Clarendonian,  and  Hemphiliian. 

Cf.  Limnoecus  sp. 

Material : UCMP  loc.  V6761  - UCMP  82145,  heavily  worn  left  1^ ; 

UCMP  82147,  nearly  complete  but  damaged  and  heavily  worn  right  Mp 
UCMP  82146,  left  dentary  fragment  with  broken  M-,  ; UCMP  96078, 
96080,  broken  tips  of  two  lower  anteromost  incisors;  UCMP  96079, 
M^  fragment. 

Description:  A single  relatively  complete  Mi  (Fig.  2a)  is  dam- 

aged and  heavily  worn  but  compares  favorably  with  the  M^  of  Lim- 
noecus tricuspis  Stirton  in  preserved  details  and  size.  The  re- 
entrant valley  between  protoconid  and  hypoconid  emerges  labially 
well  above  the  cingulum.  Anterior  and  labial  cingula  are  well 
developed  as  in  Limnoecus , unlike  Antesorex  Repenning.  The  den- 
tary fragment  includes  the  mental  foramen  below  and  anterior  to 
the  tip  of  the  Ml  protoconid  as  in  Limnoecus , August idens  Repen- 
ning, and  Antesorex. 

I (Fig.  2b)  has  a nonbifid  principal  cusp,  narrow  basilabial 
cingulum,  and  bicuspid  (?)  heel  with  labial  cusp  predominating  in 
wear.  The  unworn  heel  may  have  had  a single,  transversely  elong- 
ate cusp,  but  if  so,  wear  tended  to  bifurcate  this  cusp. 

Fragments  of  two  lower  incisors  show  that  at  least  one  promin- 
ent cusp  lies  posterior  to  the  tip. 

Discussion:  In  combination,  position  of  the  mental  foramen, 

structure  and  delicacy  of  il  and  M^,  and  small  size  exclude  the 
Vedder  shrew  from  all  Miocene  genera  except  Limnoecus  (see  Repen- 
ning, 1967).  Although  in  agreement  with  Limnoecus  in  the  above 
characters,  poor  preservation  and  lack  of  more  diagnostic  parts 
preclude  definite  assignment  of  the  Vedder  shrew  to  Limnoecus . 
Only  one  species  seems  indicated  in  the  sample. 
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Order  CHIROPTERA  Blumenbach,  1779 
by  J.  H.  Hutchison 

Suborder  MICR0CH1R0PTERA  Dobson,  1875 

Family  PHYLLOS TOMA T IDA E Coues  and  Yarrow,  1875 

Stratigraphic  and  geographic  occurrence:  Honda  Formation,  Colom- 

bia; Caliente  Formation,  Ventura  County,  California;  ?Branch  Can- 
yon Formation,  Santa  Barbara  County,  California;  Pleistocene  and 
Recent  of  North  and  South  America. 

Age : Hemingf ordian  to  Recent  in  North  America. 

?Phyllostomatidae  incertae  sed is 

Material : UCMP  loc.  V6761  - UCMP  82144,  left  lower  canine;  UCMP 

80324,  edentulous  and  incomplete  right  dentary. 

Description:  Canine  crown  (Fig.  3a)  consists  of  a single  hemi- 

conical  cusp,  flattened  posteriorly,  and  centered  over  the  anter- 
ior moiety  of  the  root.  Labial  and  lingual  cingula  rise  anterior- 
ly. Two  small  cuspids,  central  and  lingual,  surmount  the  poster- 
ior cingulum;  the  posterolabial  corner  of  the  cingulum  is  either 
excavated  or  removed  by  shear.  The  root  is  robust,  straight,  and 
ovate  to  circular  in  cross-section. 

The  dentary  (Fig.  3b)  consists  of  two  fragments  found  together 
in  the  same  sieving  screen  and  assumed  to  belong  to  one  individ- 
ual, although  no  contact  is  preserved.  Fragments  of  roots  are 
preserved  in  several  alveoli.  The  anterior  segment  is  bounded  by 
breaks  at  the  level  of  the  canine  and  M2.  Four  alveoli  between 
M]_  and  canine  alveoli  are  interpreted  to  have  held  a double-root- 
ed P^  and  either  a single-rooted  P2  and  reduced  single-rooted  P3 
or  a double-rooted  P2  or  P^ ; the  former  condition  seems  more  like- 
ly considering  the  lack  of  alveolar  coalescence  and  typical  phyl- 
lostomatid  anterior  root  reduction  during  antemolar  shortening. 
Dental  homologies  will  thus  be  considered  as  I?,  Cl,  P2,  P3,  P4, 

Ml -M3  (following  Miller,  1907).  The  dentary  is  curved  both  ver- 
tically and  horizontally  and  has  a large  oblique  symphyseal  scar. 

A mental  foramen  exists  below  P2  and  a small  foramen  is  present 
just  posterior  to  the  symphysis. 

Discussion:  Dentary  and  canine  may  represent  more  than  one  taxon; 

however,  the  two  specimens  indicate  comparable-sized  individuals 
and  will  be  treated  as  one  species. 

Among  Microchiroptera  available  for  comparison  in  the  Univer- 
sity of  California  Museum  of  Vertebrate  Zoology  at  Berkeley, 
members  of  the  Phyllos tomatidae  most  closely  approach  the  charac- 
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Fig.  3.  ?Phyllostomatidae  incertae  sedis . a.  UCMP  82144, 
left  lower  canine,  labial,  posterior,  lingual,  and  occlusal 
views.  b.  UCMP  80324,  right  dentary  fragments,  lingual,  dor- 
sal, and  labial  views.  Scale  line  = 1 mm. 


ters  of  the  fossils.  Of  the  recent  genera  resembling  the  fossils 
(Chilonycteris  Gray,  Pteronotus  Gray,  Lonchorhina  Tomes,  Macro- 
phyllum  Gray),  no  genus  is  identical  to  the  fossil  material,  but 
Macrophyllum  macrophyllum  (Wied)  is  similar  in  general  shape  of 
the  dentary,  position  and  expanse  of  symphyseal  scar,  dental  for- 
mula, and  alveolar  positions.  In  contrast  to  the  fossils,  the 
canine  of  M.  macrophyllum  is  longer  than  wide  in  occlusal  dimen- 
sions and  possesses  only  one  cusp  on  the  posterior  cingulum. 

While  the  Vedder  bat  certainly  represents  a new  species,  the 
fragmentary  nature  of  these  specimens  and  possibility  of  future 
work  at  the  site  advise  deferring  assignment  of  a new  name. 
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Order  LAGOMORPHA  3randt,  1855 

by  J.  H.  Hutchison 

Family  LEPORIDAE  Gray,  1821 

Genus  Hypolagus  Dice,  1917 

Hypolagus  apachensis  Gazin,  1930 

Stratigraphic  and  geographic  occurrence:  Known  only  from  Cali- 

fornia - Caliente  Formation,  Ventura  County;  Mint  Canyon  Forma- 
tion, Los  Angeles  County;  ?Branch  Canyon  Formation,  Santa  Barbara 
County . 

Age : Hemingf ord ian , Barstovian,  and  Clarendonian. 

Hypolagus  cf.  H.  apachens is 

Material:  UCMP  loc.  V6761  - UCMP  82482,  fragment  of  right  dent- 

ary with  damaged  P^-P,  . 

Description:  Labial  side  of  dentary  (Fig.  4a)  below  and  anterior 

to  P^  is  fenestrated.  Lingually  the  lower  incisor  root  termin- 
ates above  the  level  of  fenestration  and  extends  posterad  to  the 
anterior  moiety  of  P3  P3  (Fig.  4b,  c)  is  elongate  (this  is  ex- 
aggerated due  to  oblique  breakage  of  the  crown).  Deep  cement- 
filled  labial  and  lingual  hypostriae  separate  talonid  from  tri- 
gonid  and  persist  to  base  of  exposed  crown.  A broad  shallow  an- 
terolabial  hypostria  appears  to  lack  cement  although  this  may 
have  been  lost  after  death. 

Discussion:  Fragmentary  nature  of  the  Vedder  leporid  prevents 

definitive  taxonomic  assignment.  Combination  of  elongate  Pq  and 
shallow  anterola'oial  hypostria  are  characteristic  of  Dawson's 
(1958:38)  Archaeolagus  group  (A.  ennisianus  (Cope)  and  A.  macro- 
cephalus  (Matthew),  but  a similar  degree  of  development  is  also 
seen  in  some  species  of  Hypolagus . Persistent  internal  hypostria 
on  Pq  is  present  in  some  specimens  of  H.  apachens is  (e.g.,  Fig. 
25c  and  discussion,  p.  17,  of  Dawson,  1958).  Dawson  (1958:63) 
considered  high  posterior  termination  of  the  lower  incisor  as 
typical  of  Hypolagus , and,  in  combination  with  tooth  morphology 
assignment  of  the  Vedder  leporid  to  Hypolagus  is  more  reasonable. 
The  Vedder  Hypolagus , as  known,  is  in  suitable  chronologic  and 
geographic  position  for  ancestry  to  other  known  H.  apachens is , 
to  which  it  is  tentatively  referred. 
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Fig.  4.  Hypolagus  cf . H.  apachensis , UCMP  82482,  right  den- 
tary fragment  with  P^-P^.  a.  Labial  view  with  arrows  indica- 
ting angle  of  occlusal  views.  b.  Occlusal  view  of  P^-P^. 
c.  Occlusal  view  of  P^  perpendicular  to  long  axis  of  tooth. 
Scale  lines  = 1 ram. 


Family  OCHOTONIDAE  Thomas,  1897 

Cuyamalagus  dawsoni  Hutchison,  n.  gen.,  n.  sp.'*' 

Holotype : UCMP  82151,  three  lower  right  molariform  teeth. 

Hypodigm:  Type  and  UCMP  82149,  82150,  80327,  three  incomplete 

upper  molariform  teeth. 

Type  locality  and  age:  UCMP  locality  V6761,  Vedder  locality. 

Branch  Canyon  Formation,  Santa  Barbara  County,  California.  Hem- 
ingf’ordian.  Known  only  from  type  locality. 

Diagnosis : Cheek  teeth  hypsodont  but  rooted.  Upper  molariform 

teeth  with  concave  labial  and  convex  lingual  walls  indicating 
unilateral  hypsodonty,  distinct  crescentic  valleys  present,  hy- 
postriae  cross  about  one  third  or  less  of  occlusal  width  in  early 
wear  but  fade  out  before  reaching  lingual  base  of  crowns,  antero- 
lophs  wider  than  posterolophs . Lower  molars  with  talonids  and 
trigonids  separate  to  near  base  of  crowns,  talonids  nearly  as 
transversely  broad  as  trigonids,  posterior  wall  of  trigonids 
slightly  protruded,  talonids  with  central  anterior  protrusion, 
posterolophids  persistent  20%  to  40%  of  depth,  talonids  becoming 
equal  in  length  to  trigonids  with  loss  of  posterolophids  during 
wear . 

^From  Cuyama  - Cuyama  Valley  plus  Greek  lagos , hare.  Specific 
name  after  Mary  R.  Dawson  in  recognition  of  her  work  on  fossil 
lagomorphs . 
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Description:  Molariform  upper  teeth  show  marked  transverse  cur- 

vature (Fig.  5a,  b).  UCMP  80327  shows  two  small  labial  roots  and 
one  massive  lingual  root.  All  specimens  have  anteroloph  wider 
than  posteroloph,  distinct  hypostriae,  and  crescentic  valleys. 
Transverse  depth  of  lingual  hypostriae  varies  from  fairly  deep 
and  close  to  crescentic  valley  in  little-worn  condition  (Fig.  5a) 
to  shallow  (Fig.  5b,  c)  in  more  worn  specimens.  Crescentic  val- 
leys and  hypostriae  are  cement-filled.  The  arrow  in  Figure  5b 
indicates  terminus  of  the  hypostria. 


Fig.  5.  Cuyama lagus  dawson i Hutchison,  n.  gen.,  n.  sp.  a. 
UCMP  82149,  right  upper  molariform  tooth  (m2?),  occlusal,  lingual, 
and  posterior  views.  b.  UCMP  80327,  right  upper  molariform 
tooth,  occlusal  and  anterior  views.  c.  UCMP  82150,  left  upper 
molariform  tooth  fragment,  occlusal  view.  d-f.  UCMP  82151, 
holotype.  d.  Right  P^  or  M^ , occlusal,  lingual,  and  labial 
views.  e.  Right  M2,  occlusal,  lingual  and  labial  views.  f. 
Lower  portion  of  right  P^  or  Mj,  occlusal  cross-section  and  lin- 
gual view.  The  small  dots  along  the  side  of  the  lower  teeth  rep- 
resent levels  at  which  measurements  were  taken.  Scale  line  = 

1 mm . 
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Three  lower  right  molariform  teeth  appear  to  represent  a 
single  individual  and  unlike  the  upper  teeth,  were  previously 
catalogued  under  a single  number  (probably  indicating  a single 
sieving  screen  or  bag  sample)  and  thus  chosen  for  the  type  speci- 
men. Two  specimens  (Fig.  5d , e)  are  complete  enough  to  preserve 
their  total  heights.  Both  appear  to  be  in  early  wear  with  hypo- 
conulids  still  present  and  roots  (in  third  specimen  also)  incom- 
plete but  closing.  Trigonids  and  talonids  on  all  lower  teeth 
are  separate  to  about  the  basal  third  of  the  tooth  (757,  to  907> 
of  tooth  height)  but  are  amply  joined  by  cement  (mostly  chipped 
away  by  breakage).  Folds  setting  off  hypoconulids  from  talonids 
are  also  cement-filled.  Trigonids  and  talonids  are  subequal  in 
width  but  talonids  are  longer  in  early  wear,  tending  to  become 
nearly  equal  to  trigonids  after  loss  of  hypoconulids  (postero- 
lophids)  with  wear  (Table  1).  Labial  margins  of  trigonids  and 
talonids  are  persistently  more  angular  than  the  lingual  margins. 
Anterior  protrusion  of  the  talonid  is  well  developed  in  early 
wear  stages.  A small  protrusion  labial  to  the  center  of  the  pos- 
terior wall  of  the  trigonid  is  indicated  in  all  three  teeth.  In- 
dications of  enamel  thinning  or  loss  are  discernible  on  the  lab- 
ial sides  of  two  specimens  (Fig.  5d , f).  Strong  curvature  and 
lesser  root  development  on  one  specimen  (Fig.  5e)  suggests  that 
this  tooth  is  an  M2. 

Discussion:  Of  the  twenty  named  genera  of  ochotonids,  only  six 

(Amphilagus  Pomel,  Titanomys  von  Meyer,  Desmatolagus  Matthew  and 
Granger,  Hesperolagomys  Clark,  Dawson  and  Wood,  Russellagus 
Storer,  and  Gr ipholagomys  Green)  retain  roots  and  well  developed 
molar  crescents,  but  all  these  also  have  distinctly  narrower  tal- 
onids than  trigonids  (a  primitive  feature  in  ochotonids).  A wide 
talonid  is  characteristic  of  more  advanced  ochotonids  with  ever- 
growing teeth. 

While  it  is  possible  to  speculate  on  the  phyletic  position  of 
Cuyamalagus,  lack  of  anterior  premolars  and  jaw  material  leave 
too  much  latitude  for  profitable  comparisons.  Of  the  North  Amer- 
ican genera  (see  Green,  1972),  only  ?Desmatolagus  (Hemingf ord ian) 
and  Gr ipholagomys  (Arikareean  and  Hemingf ord ian)  are  early  enough 
and  structurally  primitive  enough  to  be  possible  ancestral  forms 
or  close  relatives  of  ancestral  forms  of  Cuyamalagus . Hespero- 
lagomys (Barstovian  and  C larendonian)  and  Russellagus  (Barstovian) 
retain  a primitively  narrow  talonid  and  are  thus  unlikely  descen- 
dants of  Cuyama lagus . Oreolagus  McGrew  occurs  in  the  early  Hem- 
ingfordian  (Green,  1972)  and  later  but  is  too  advanced  in  hypso- 
donty  for  close  relationship  with  Cuyamalagus . While  relation- 
ships of  all  North  American  Miocene  ochotonid  genera  are  largely 
unknown,  the  known  diversity  of  these  genera  (six)  is  rapidly 
approaching  that  of  Eurasia  (eight  in  Europe  and  two  in  Asia  - 
see  Green,  1972,  and  Dawson,  1967). 
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TABLE  1 

Measurements  of  Cuyamalagus  dawsoni,  n.  gen.,  n.  sp. 


Upper  Molariform  Teeth 

UCMP  82149 

UCMP  80327 

Length 

1.54 

1.55 

Width  of  anteroloph 

2.57 

- - 

Width  of  posteroloph 

2.20 

- - 

Lower  Molariform  Teeth  - UCMP  82151 

(Type) 

P,  or  M, 

4 i 

M2 

P^  or  M 

Length  trigonid  (top) 

0.99 

0.94 

- - 

Length  talonid  (top) 

1.04 

1.32 

- - 

Length  trigonid  (middle) 

1.10 

1.13 

1.04 

Length  talonid  (middle) 

0.96 

1.17 

1.03 

Width  trigonid  (top) 

1.95 

1.93 

- - 

Width  talonid  (top) 

1.77 

1.90 

- - 

Width  trigonid  (middle) 

2.13 

2.10 

2.18 

Width  talonid  (middle) 

1.72 

1.84 

2.16 

Height  (base  of  enamel  on 
labial  side  to  top 
of  trigonid) 

6.72 

5.85 

” “ 

Length  of  crown 

2.17 

2.33 

2.05 

"incomplete  specimen 
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RODENTIA  Bowdich,  1821 

by  E . H.  Lindsay 

Family  SCIURIDAE  Gray,  1821 

Subfamily  SCIURINAE  Baird,  1857 

Genus  Miospermophilus  Black,  1963 

Stratigraphic  and  geographic  occurrence:  Pawnee  Creek  Formation, 

Logan  County,  Colorado;  Split  Rock  Formation,  Fremont  County, 
Wyoming;  Branch  Canyon  Formation,  Santa  Barbara  County,  and  Bar- 
stow  Formation,  San  Bernardino  County,  California. 

Age : Hemingfordian  and  Barstovian. 

Miospermophilus  sp.  indet. 

Material:  UCMP  loc.  V6761  - UCMP  80326,  right  dP^;  UCMP  82138, 

left  Mo ; UCMP  82139,  right  P4;  UCMP  82141,  left  M1  or  M2;  UCMP 
82142,  right  P4,  and  UCMP  82143,  P3  .• 

3 

Description:  P - A small,  round,  peglike  premolar  is  assigned 

to  this  taxon.  The  premolar  is  about  0.3  mm  wide. 

dP4  - UCMP  80326  (Fig.  7b)  has  the  anterocone  and  part  of  the 
anterior  cingulum  removed  by  breakage.  Paracone  and  metacone  are 
subequal,  smaller  than  the  prominent  protocone.  Protoconule  and 
metaconule  are  absent  from  the  high,  narrow  protoloph  and  meta- 
loph uniting  paracone  and  metacone  (respectively)  with  the  anter- 
ior and  posterior  sides  of  the  protocone.  Posterior  cingulum  is 
high  and  narrow,  connecting  the  basal  metacone  and  posterior  pro- 
tocone. An  incipient  hypocone  is  marked  by  an  expansion  on  the 
internal  posterior  cingulum.  The  anterior  cingulum  is  low  where 
it  joins  the  anterior  protocone.  A small  mesostyle  is  placed 
between  and  slightly  lateral  to  the  paracone  and  metacone;  a low 
lophule  joins  the  mesostyle  and  posterior  basal  paracone.  The 
central  basin  is  wide,  slightly  rugose,  and  open  laterally  pos- 
terior to  the  mesostyle.  The  posterior  basin  is  narrow,  bounded 
by  the  metaloph  and  posterior  cingulum. 

4 4 

P - A badly  corroded  cheek  tooth  is  probably  P . Its  occlus- 
al outline  is  elongate  oval,  width  greater  than  length;  the  an- 
terolabial  margin  of  the  tooth  is  removed  by  breakage.  The  pro- 
tocone is  the  most  prominent  cusp;  paracone  and  metacone  are  sub- 
equal. A small  metaconule  is  present  on  the  metaloph;  a proto- 
conule is  absent.  The  protocone  is  directly  lingual  to  the  para- 
cone, and  these  cusps  are  connected  by  the  narrow  protoloph. 
Metaloph  connects  metacone  and  metaconule,  it  terminates  short  of 
the  protocone.  Anterior  and  posterior  cingula  were  apparently 
present,  but  are  largely  obliterated  by  corrosion.  Parastyle 
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—anterior— » 


Fig.  6.  Dental  terminology  for  sciurid  teeth.  1 - Paracone. 

2 - Metacone  (-id).  3 - Protocone  (-id).  4 - Hypoconid.  5 - 

Entoconid.  6 - Protoconule.  7 - Metaconule.  8 - Mesoconid. 

9 - Parastyle.  12  - Protolophule . 13  - Metalophule.  14  - Meta- 

lophid.  15  - Ectolophid.  17  - Mesostyle  (-id).  19  - Anterior 

cingulum.  20  - Posterior  cingulum.  22  - Anterior  inner  valley. 
23  - Central  valley.  24  - Posterior  inner  valley.  25  - Talonid 
bas in . 


Fig.  7.  Sciurid  rodents.  a-d.  Miospermophi lus  sp.  a. 
UCMP  82141,  left  or  M^,  occlusal  view.  b.  UCMP  80326,  right 
dP4,  occlusal  view.  c.  UCMP  82139,  right  P^ , occlusal  view, 
d.  UCMP  82139,  right  P^ , labial  view.  e-f.  Blackia  sp.  e. 
UCMP  82140,  left  P^,  occlusal  view.  f.  UCMP  82137,  left  M3, 
occlusal  view.  Scale  line  = 1 mm. 
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and  mesostyle  were  small  or  absent  but  breakage  in  that  area  pro- 
hibits a precise  determination.  The  central  basin  is  relatively 
narrow,  but  wider  than  anterior  and  posterior  basins. 


1 2 

M or  M - A well  preserved  and  slightly  worn  tooth  (Fig.  7a) 
is  M^  or  M^.  Precise  identification  of  this  isolated  tooth  is 
impossible  without  associated  teeth.  Occlusal  outline  is  sub- 
quadrate, width  greater  than  length.  Protocone,  the  most  promi- 
nent cusp,  is  elongated  anteroposter iorly . Metacone  is  lower  and 
smaller  than  the  paracone.  An  incipient  hypocone  is  indicated  by 
expansion  of  the  lingual  part  of  the  posterior  cingulum.  A small 
metaconule  is  indicated  by  expansion  of  the  metaloph;  protoconule 
is  absent.  A minute  parastyle  is  present  on  the  labial  margin  of 
the  anterior  cingulum.  A small  mesostyle  is  present  between  and 
labial  to  the  paracone  and  metacone.  The  protoloph  is  narrow, 
directed  transversely,  connecting  paracone  and  anterior  basal 
margin  of  the  protocone.  Metaloph  is  narrow,  and  connects  the 
metacone  and  metaconule.  A low  and  faint  ridge  continues  lingual 
from  the  metaconule  to  the  posterior  base  of  the  protocone.  The 
anterior  cingulum  is  narrow  and  relatively  low,  connecting  the 
parastyle  and  anterior  base  of  the  protocone.  Parastyle  does  not 
join  the  paracone.  The  posterior  cingulum  is  low  and  narrow  pos- 
terior to  the  metacone  and  high  lingually  where  it  joins  the  pos- 
terior side  of  the  protocone.  The  central  basin  is  relatively 
wide,  slightly  rugose,  and  closed  by  the  mesostyle.  The  anterior 
basin  is  narrow,  slightly  rugose,  and  constricted  labially.  The 
posterior  basin  is  very  narrow,  slightly  rugose,  and  constricted 
both  labially  and  lingually.  A faint  accessory  loph  is  directed 
labially  from  the  protocone. 


P4  - A slightly  corroded  but  relatively  unworn  tooth  (Fig.  7d) 
is  identified  as  a P^ . Occlusal  outline  of  this  tooth  is  obovate, 
length  greater  than  width;  anterior  width  is  less  than  posterior 
width.  The  pos terolingual  corner  of  the  tooth  is  subangular. 
Metaconid  and  protoconid  are  prominent,  with  protoconid  lower  and 
placed  slightly  more  posteriorly  than  the  metaconid.  Hypoconid 
is  large;  entoconid  is  small  but  distinct.  Mesoconid  is  absent 
from  the  low  and  narrow  ectolophid.  Posterolophid  is  low  and 
narrow,  slightly  arcuate  between  the  hypoconid  and  entoconid.  A 
low,  rounded  mesostylid  is  present  on  the  lingual  border  between 
the  metaconid  and  entoconid.  Talonid  basin  is  shallow  and 
slightly  rugose.  Valley  between  the  metaconid  and  protoconid  is 
steep  and  narrow,  with  no  indication  of  a loph  connecting  the 
cusps . 


M3  - The  posterior  lower  molar  is  represented  by  part  of  a 
broken  tooth.  Its  occlusal  outline  is  apparently  an  elongate 
oval  with  a rounded  posterior  margin.  Metaconid  is  prominent  and 
connected  to  the  hypoconid  by  a high,  continuous,  wide,  arcuate 
posterior  cingulum.  Talonid  basin  is  shallow,  slightly  rugose, 
and  closed  posterolingually  by  the  posterior  cingulum.  Measure- 
ments are  given  in  Table  2. 
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TABLE  2 

Measurements  of  sciurid  rodents 


Mios  permoph i lus 

sp. 

Length 

Width 

3 

. 

UCMP  82143 

P 

0.3 

0.3 

UCMP  80326 

dP4 

- - 

1.77 

UCMP  82142 

P4 

1.56 

1.95 

UCMP  82141 

M1  or  M2 

1.95 

2.34 

UCMP  82139 

P4 

1.88 

1.62 

UCMP  82138 

M3 

(2.80) 

- - 

Blackia  sp. 

UCMP  82140 

P4 

1.04 

1.25 

UCMP  82137 

M3 

(1.50) 

(1.50) 

Measurements  in 

parentheses 

( ) are  approximate. 

D iscuss ion : The  teeth  of  Miospermophilus  sp.  of  the  Vedder  fauna 

are  larger  than  those  of  Miospermophilus  bryanti  (Wilson)  from 
Martin  Canyon  Quarry  A,  Logan  County,  Colorado,  and  Miospermophi- 
lus sp.  from  the  Barstow  Formation;  they  are  about  the  size  of 
Miospermophilus  wyomingens is  Black  from  the  Split  Rock  Formation 
in  Fremont  County,  Wyoming  (Black,  1963).  Miospermophilus  of  the 
Vedder  fauna  differs  from  M.  wyomingens is  in  having  a broader 
protocone,  less  prominent  transverse  lophs,  and  a more  distinct 
entoconid.  Observed  differences  between  the  Vedder  Miospermo- 
philus sp.  and  M.  wyomingens is  are  slight. 

Subfamily  PETAURISTINAE  Simpson,  1945 
Genus  Blackia  Mein,  1970 

Stratigraphic  and  geographic  occurrence:  Branch  Canyon  Formation, 

Santa  Barbara  County,  California;  Sansan,  La  Grive,  and  Soblay  in 
France;  Anwil,  Switzerland;  Wolfersheim,  Germany. 

Age : Hemingf ord ian , North  America;  middle  Miocene  to  Pliocene, 

Europe . 

4 

Description:  P - A small,  transversely  elongate,  relatively  un- 

worn tooth  (Fig.  7e)  is  considered  P4 . Its  prominent  protocone 
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is  high  and  narrow.  Metacone  is  lower  than  the  paracone  and  is 
placed  slightly  labial  to  it.  A large  parastyle  is  anterior  and 
slightly  lingual  to  the  paracone.  Protoconule,  metaconule,  hypo- 
cone,  and  mesostyle  are  absent.  Protoloph  and  metaloph  are  nar- 
row and  high,  joining  anterior  and  posterior  sides  of  the  proto- 
cone. Anterior  and  posterior  cingula  are  low,  terminating  lin- 
gually  at  the  base  of  the  protocone,  terminating  labially  at  the 
parastyle  (anterior  cingulum)  and  at  the  posterior  side  of  the 
metacone  (posterior  cingulum).  The  central  basin  is  distinctly 
rugose,  wide,  slightly  cup-shaped,  and  closed  labially  by  a low 
ridge  (mesostylar  ridge  of  Mein,  1970)  connecting  paracone  and 
metacone.  Anterior  and  posterior  valleys  are  narrow,  and  open 
where  cingula  are  very  low.  A distinct  but  small  accessory  loph 
is  directed  labially  from  the  central  area  of  the  protocone. 

M3  - An  isolated  M3  (Fig.  7f)  is  relatively  unworn  but  its  an- 
terolingual  corner  is  missing.  The  occlusal  outline  is  elongate 
oval  with  its  long  axis  directed  obliquely.  Protoconid  is  set 
off  from  the  anterior  cingulum  and  the  ectolophid.  Hypoconid  is 
embedded  in  the  high  arcuate  posterior  cingulum  near  the  rounded 
posterolingual  corner.  Incipient  entoconid  and  mesostylid  are 
indicated  by  slight  swelling  on  the  posterior  cingulum  along  the 
labial  border.  Mesoconid  and  metalophid  are  absent.  Talonid 
basin  is  wide,  distinctly  rugose,  slightly  cup-shaped,  and  closed 
except  for  the  groove  separating  the  posterior  cingulum  from  pos- 
terior side  of  the  protocone.  Measurements  are  given  in  Table  2. 

Discussion:  These  two  isolated  cheek  teeth  are  referable  to  the 

Petaur istinae  because  of  their  rugose  occlusal  surface,  reduced 
anterior  cingulum,  and  distinctive  groove  on  M^  between  the  an- 
terior cingulum  and  protoconid.  They  are  placed  in  the  genus 
Blackia  because  of  their  small  size,  and  simple  molar  structure 
(lacking  the  hypocone  and  conules  in  upper  cheek  teeth  and  lack- 
ing the  mesoconid  in  lower  cheek  teeth).  Two  species  of  Blackia 
have  been  named.  Blackia  miocaenica  is  known  from  La  Grive, 
Sansan,  and  Anwil  in  western  Europe.  Blackia  miocaenica  and 
Blackia  sp.  from  the  Branch  Canyon  Formation  are  smaller  than  II. 
wolfersheimensis . B.  miocaenica  was  characterized  by  Mein  (1970) 
as  having  a triangular  with  a high  and  narrow  protocone  and  a 
strong  parastyle.  Blackia  sp.  of  the  Vedder  fauna  is  very  close 
to  B.  miocaenica , differing  from  that  species  in  its  slightly 
wider  and  more  robust  P4 . The  North  American  record  of  Blackia 
probably  represents  a new  species  but  specific  assignment  is 
withheld  until  more  diagnostic  characters  can  be  defined. 
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PART  II:  RODENTIA  (EOMYIDAE  AND  HETEROMYIDAE) 

BY  EVERETT  H.  LINDSAY1 


ABSTRACT 

The  Vedder  fauna  is  a Hemingf ord ian  (middle  Miocene)  assembl- 
age of  land  mammals  from  the  dominantly  marine  Branch  Canyon  For- 
mation in  the  Transverse  Ranges  of  southern  California.  Five 
species  of  extinct  rodents  (Eomys  sp. , Ps eud other id omys  cuyamen- 
sis  n.  sp. , Mookomys  cf . M.  altif luminus , Prohe ter omys  sulculus , 
and  Proheteromys  magnus)  from  the  Vedder  locality,  UCMP  locality 
V6761,  are  described. 

INTRODUCTION 

The  Vedder  fauna  was  collected  from  the  Branch  Canyon  Formation 
in  a tributary  of  Santa  Barbara  Canyon  on  the  west  side  of  the  Cu- 
yama  Valley.  The  Vedder  locality,  UCMP  V6761,  has  produced  a mod- 
erately large  sample  of  small  mammals  and  two  small  horses.  In- 
sectivora,  Chiroptera,  Lagomorpha,  and  sciurid  rodents  were  de- 
scribed in  The  Vedder  Fauna,  Part  I,  by  Hutchison  and  Lindsay 
(1974).  Part  II  includes  the  description  of  two  eomyid  and  three 
heteromyid  rodents.  Part  III  will  include  the  description  of  a 
carnivore,  a merychippine  horse,  an  archaeohippine  horse,  and  sum- 
mary of  the  fauna.  Age  of  the  Vedder  fauna  is  Hemingf ord ian  Land 
Mammal  Age  (middle  Miocene). 

Abbreviations  used  in  the  text  are:  AMNH  = American  Museum  of 

Natural  History;  FSGS  = Florida  State  Geological  Survey;  UCMP  = 
University  of  California  Museum  of  Paleontology;  UK  = University 
of  Kansas  Museum  of  Natural  History. 

Abbreviations  used  in  the  table  of  measurements  are:  M = molar 

tooth;  P = premolar  tooth;  N = number  of  specimens  measured;  X = 
mean  of  sample;  S = standard  deviation  of  sample;  V = coefficient 
of  variability;  OR  = observed  range  of  measurements. 

Terminology  used  for  rodent  teeth  is  illustrated  in  Figure  1. 
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Fig.  1.  Dental  terminology  for  rodent  teeth.  1 - Paracone. 

2 - Metacone  (-id).  3 - Protocone  (-id).  4 - Hypocone  (-id). 

5 - Entoconid.  6 - Protostyle  (-id).  7 - Hypostyle  (-id).  8 - 

Mesocone  (-id).  9 - Mesostyle  (-id).  10  - Posterocone.  13  - 

Protoloph  (-id).  14  - Metaloph  (-id).  15  - Hypoloph  (-id).  16 

Mesoloph  (-id).  18  - Mure  or  ectoloph  (-id).  19  - Anterior 

cingulum.  20  - Posterior  cingulum.  22  - Anterior  valley  (lake). 
23  - Outer  valley.  24  - Posterior  valley  (lake).  25  - Trans- 
verse valley. 


SYSTEMATICS 

Order  RODENTIA  Bowdich,  1821 

Family  EOMYIDAE  Deperet  and  Douxami,  1902 

Genus  Eomys  Schlosser,  1884 

Omegodus  Pomel,  1853,  Catalogue  method ique ... , p.  37. 
Eomys  Schlosser,  1884,  Palaeontographica , 31:  84. 
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Eomys  zitteli  Schlosser,  1884 

Stratigraphic  and  geographic  occurrence : Branch  Canyon  Formation, 

Santa  Barbara  County,  California;  Burgmagerbein , Treuchtlingen , 
Gaimersheim,  Bissingen,  and  Wintershof-West  in  western  Europe. 

Age : Hemingf ord ian  of  North  America;  Chattian,  Aquitanian,  and 

Burdigalian  of  Europe. 

Eomys  a f f . Eh  zitteli 

Ma t e r ia 1 : UCMP  loc.  V6761  - UCMP  82148,  right  M2. 


Fig.  2.  Eomys  sp.,  a,  UCMP  82148,  right  M2,  occlusal  view;  b, 

UCMP  82148,  right  M£,  labial  view;  scale  line  equals  1 mm. 

Description:  UCMP  82148  is  a slightly  worn  right  M2  with  subquad- 

rate occlusal  outline.  The  anterior  half  of  the  tooth  is  slightly 
wider  than  the  posterior.  Four  prominent  cusps  (metaconid,  ento- 
conid,  protoconid , and  hypoconid)  are  connected  by  metalophid,  hy- 
polophid , and  central  mure.  Protoconid  is  compressed  anteropos- 
terior ly  in  comparison  with  the  hypoconid.  An  anterior  cingulum 
joins  metalophid  and  anterior  arm  of  the  protoconid  near  the  mid- 
line of  the  tooth.  The  anterior  cingulum  is  moderately  high  lin- 
gually  where  it  terminates  anterior  to  the  metaconid;  the  labial 
half  of  the  anterior  cingulum  is  short,  terminating  before  reach- 
ing the  anterolabial  corner  of  the  tooth.  Posterior  cingulum  is 
short,  directed  lingually  from  the  junction  of  the  hypolophid  and 
the  posterior  arm  of  the  hypoconid.  Posterior  cingulum  terminates 
before  reaching  the  entoconid.  Mesolophid  is  moderately  high  but 
short.  A mesostylid  and  mesoconid  are  absent.  Anterior  and  pos- 
terior inner  valleys  are  narrow,  and  constricted  (but  open)  lin- 
gually. Outer  valley  is  relatively  wide.  Medial  valley  is  steep- 
walled  and  deep  but  is  open  laterally.  Crown  height  is  low. 

Roots  are  not  preserved.  Measurements  of  UCMP  82148  are:  length, 

0.82  mm;  width,  0.83  mm. 

Discuss  ion : The  Eomys  M2  from  the  Vedder  fauna  is  closest  in  size 

and  morphology  to  Eomys  z itteli , recorded  from  Chattian  (late  Oli- 
gocene)  faunas  of  Europe,  _i.e^.  , Burgmagerbein  and  Treuchtlingen. 

It  differs  from  that  species  primarily  in  smaller  size  (cheek 
teeth  457o  smaller  than  the  neotype  of  E.  z itteli) . Fahlbusch 
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(1968,  1970)  has  ably  analyzed  morphological  variation  in  middle 
Tertiary  eomyids,  recognizing  three  species  of  Eomys  (E.  zitteli 
Schlosser,  Eh  major  Freudenberg,  and  E.  rhodanicus  Hugueney  and 
Mein)  in  Europe.  He  characterized  Eomys  as  a small  brachydont 
rodent  with  four  cheek  teeth,  each  bearing  four  principal  cusps 
connected  by  two  transverse  lophs  and  a mure.  Similar  genera 
are  Rhodanomys  Deperet,  Apeomys  Fahlbusch,  Pseud other idomys  Sch- 
losser , and  Liger imys  Stehlin  and  Schaub.  Eomys  is  directly  an- 
cestral to  Rhodanomys , Pseud other idomys , and  Apeomys , differing 
from  those  genera  in  having  lower  crowned  cheek  teeth  with  weak- 
er development  of  transverse  lophs,  greater  prominence  of  cusps, 
and  better  development  of  the  mure. 

Probably  Ad  j idaumo  Hay,  common  in  early  and  middle  Oligocene 
deposits  of  North  America,  gave  rise  to  European  species  of  Eomys 
during  the  middle  or  late  Oligocene.  Cheek  teeth  of  Eomys  differ 
from  those  of  Ad  j idaumo  (Oligocene  species)  in  better  development 
of  the  mure  and  the  anterior  cingulum.  Cheek  teeth  of  Eomys  dif- 
fer from  those  of  Ps  eud  ad  j idaumo  Lindsay  (Miocene  species)  in 
weaker  development  of  the  anterior  and  posterior  cingulum.  Cheek 
teeth  of  Pseudad  j idaumo  are  slightly  higher  crowned  than  Eomys , 
and  usually  have  a mesostyle  and  mesostylid.  Apparently  eomyids 
were  absent  from  North  America  during  late  Oligocene  and  early 
Miocene.  In  middle  Miocene  (Hemingf ord ian)  Eomys  and  Pseudother- 
idomys  invaded  North  America  from  Palearctica.  Eomys  of  the  Hem- 
ingfordian  Vedder  fauna  is  probably  ancestral  to  Barstovian  spe- 
cies. of  Pseudad  j idaumo . 

Genus  Pseudother idomys  Schlosser,  1884 
Pseud  other idomys  cuyamens is  n.  sp. 

Type : UCMP  80311,  right  P^  from  the  Vedder  locality,  UCMP  V6761. 

4 1“  2 

Hypod igm:  Type  and  61  isolated  cheek  teeth  (11  P , 15  M ,5 

M , 10  P4,  7 Mp  5 M2,  and  8 M3). 

Type  locality  and  age : UCMP  locality  V6761,  Vedder  locality, 

Branch  Canyon  Formation,  Santa  Barbara  County,  California.  Hem- 
ingf ord  ian.  Known  only  from  type  locality. 

Diagnos is : Anterior  and  posterior  valleys  of  molars  and  premol- 

ars closed  by  high  anterior  and  posterior  cingula;  mesoloph  high 
and  long  on  upper  cheek  teeth,  usually  contacting  protoloph  in 
early  wear.  Mesolophid  high  and  long  on  lower  cheek  teeth,  usu- 
ally separate  from  the  hypolophid  until  late  wear. 

Comparisons : Pseudother idomys  cuyamens is  is  larger  than  other 

known  species  of  Pseudother idomys . P.  page i Shotwell  is  slight- 
ly smaller  than  J?.  cuyamens  is  and  has  a more  distinct  lophid 
(ectolophid)  connecting  mesolophid  and  hypolophid  in  lower  cheek 
teeth.  P.  hesperus  Wilson  has  lower  anterior  and  posterior 
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cingula  on  its  cheek  teeth.  I?,  parvulus  (Schlosser),  P.  pus  illus 
Fahlbusch , and  P.  schaubi  Lavocat  are  all  smaller  than  P.  cuya- 
mens is  and  their  cheek  teeth  have  lower  anterior  and  posterior 
cingula.  P.  carpathicus  Schaub  and  Zapfe,  smallest  known  species 
of  Ps eud other id omys , has  a short  mesolophid  and  a distinct  ecto- 
lophid  in  lower  cheek  teeth.  Liger imys  Stehlin  and  Schaub  has  a 
weak  mesoloph  although  it  has  a strong  mesolophid  in  lower  cheek 
teeth . 
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Fig.  3.  Pseud other idomvs  cuvamens is  n.  sp.  a.  UCMP  82119,  left 
P^,  occlusal  view.  b.  UCMP  82124,  left  M-*-,  occlusal  view.  c. 
UCMP  82125,  left  M2,  occlusal  view.  d.  UCMP  82131,  left  M3 , oc- 
clusal view.  e.  UCMP  82119,  left  P^ , anterior  view.  f.  UCMP 
82124,  left  M3,  anterior  view.  g.  UCMP  82118,  right  M3 , occlu- 
sal view.  h.  UCMP  82114,  left  P^ , occlusal  view.  i.  UCMP 
80315,  left  P^,  occlusal  view.  j.  UCMP  82127,  left  M-*- , occlu- 
sal view.  k.  UCMP  82130,  left  M3 , occlusal  view.  1.  UCMP 
82133,  right  M3 , occlusal  view.  m.  UCMP  82114,  left  P^ , anter- 
ior view.  Scale  line  equals  1 mm. 

Description : Occlusal  outlines  of  P^'s  are  subquadrate,  slight- 

ly wider  than  long.  Occlusal  outline  of  M^  or  M2  is  subrectangu- 
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lar,  distinctly  wider  than  long.  Occlusal  outline  of  M is  obov- 
ate,  with  a straight  anterior  and  a rounded  posterior  margin.  The 
anterior  half  of  is  wider  than  the  posterior.  Five  transverse 
lophs  (anterior  cingulum,  protoloph,  mesoloph,  metaloph,  and  pos- 
terior cingulum)  dominate  the  occlusal  surface  of  upper  cheek 
teeth,  cusps  are  indistinguishable.  Protoloph  reaches  the  proto- 
cone in  27  of  30  specimens.  Protoloph  and  mesoloph  are  weakly 
connected  in  26  of  31  specimens.  Mesoloph  is  long,  reaching  the 
labial  margin  of  the  tooth  in  all  specimens.  Anterior  and  pos- 
terior valleys  are  consistently  closed  by  high  anterior  and  pos- 
terior cingula.  Outer  valley  is  closed  in  24  of  31  specimens. 
Crown  is  relatively  high,  even  though  brachydont,  due  to  the 
height  and  steepness  of  anterior  and  posterior  cingula. 


i j 

Fig.  4.  Pseudother idomys  cuyamens is  n.  sp.  a.  UCMP  80320,  left 
P 4,  occlusal  view.  b.  UCMP  80317,  left  M3,  occlusal  view.  c. 
UCMP  82107,  left  M2,  occlusal  view.  d.  UCMP  82103,  left  M3,  oc- 
clusal view.  e.  UCMP  80320,  left  P^ , labial  view.  f.  UCMP 
82094,  right  M2,  occlusal  view.  g.  UCMP  82089,  right  P^ , occlu- 
sal view.  h.  UCMP  80311  (type),  right  P^,  occlusal  view.  i. 
UCMP  82095,  left  M,,  occlusal  view.  j.  UCMP  82105,  right  M3,  oc- 
clusal view.  k.  UCMP  82104,  right  M3,  occlusal  view.  1.  UCMP 
80311  (type),  right  P^ , labial  view.  Scale  line  equals  1 mm. 

Occlusal  outlines  of  P^ , M3  and  Mo  are  subrectangular , longer 
than  wide.  M is  obovate  in  occlusal  outline,  longer  than  wide, 
with  a straight  anterior  surface  and  rounded  posterior  surface. 
Anterior  half  of  P^  is  slightly  narrower  than  the  posterior,  both 
halves  of  M3  are  equal  in  width,  and  the  anterior  halves  of  M2 
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and  M3  are  wider.  Five  transverse  lophids  (anterior  cingulum, 
metalophid,  mesolophid,  hypolophid,  and  posterior  cingulum)  dom- 
inate the  occlusal  surface  of  lower  molars,  cusps  are  indisting- 
uishable. The  metalophid  is  long,  reaching  the  protoconid  in  all 
teeth  except  M3  in  which  it  reaches  the  protoconid  in  3 of  8 spe- 
cimens. The  metalophid  has  a medial  discontinuity  in  3 of  29 
specimens.  Mesolophid  is  long,  slightly  curved,  and  is  continu- 
ous from  protoconid  to  lingual  border  to  the  tooth  in  all  speci- 
mens, with  a weak  connection  between  mesolophid  and  hypolophid  in 
late  wear  on  20  of  30  specimens.  Hypolophid  is  long,  and  contin- 
uous between  entoconid  and  hypoconid  in  all  specimens.  Anterior 
and  posterior  cingula  are  high  and  steepsided,  connecting  meta- 
conid-protoconid  in  all  specimens,  connecting  entoconid-hypoconid 
in  P^,  M-j^,  M2  and  3 of  8 specimens  of  Mo.  An  anterior  lake  form- 
ed by  union  of  the  anterior  cingulum  and  metaconid  is  narrower, 
shorter,  and  shallower  than  the  posterior  lake  formed  by  union  of 
the  posterior  cingulum  and  entoconid.  The  lingual  border  of  the 
tooth  is  open  between  entoconid  and  mesolophid  in  24  of  28  speci- 
mens, and  closed  between  mesolophid  and  metaconid  in  20  of  26 
specimens.  Crown  is  high  but  brachydont.  Anterior  and  posterior 
cingula  give  the  false  appearance  of  hypsodonty  because  of  their 
height  and  steepness.  Base  of  the  crown  is  rounded,  with  u:'s- 
tinct  division  between  roots  and  crown.  Measurements  are  given 
in  Table  1. 

Discussion:  Cheek  teeth  of  Pseud other ido my s cuyamensis  have  high 

anterior  and  posterior  cingula,  and  therefore  it  appears  more  ad- 
vanced than  P.  hesperus  from  Quarry  A in  Colorado.  Cheek  teeth 
of  P.  page i from  Oregon  have  a better  developed  mure  (ectolophid 
of  Shotwell)  than  P.  cuyamensis ; it  may  represent  a parallel  or 
later  stage  of  evolution.  As  suggested  by  Wilson  (1960:  74),  P. 
hesperus  was  probably  a new  immigrant  to  North  America  from  Pale- 
arctica.  P.  cuyamensis  and  .P.  pagei  were  probably  derived  from 
P.  hesperus . 

Fahlbusch  (1970)  recently  reviewed  European  eomyids,  recogni- 
zing two  species,  Ps eud other id omys  pus illus  Fahlbusch  and  Pseu- 
dotheridomys  parvulus  (Schlosser) , in  the  late  Oligocene-early 
Miocene  of  Europe.  P.  pusillus  is  ancestral  to  P.  parvulus  and 
occurs  in  Chattian  age  faunas.  P.  parvulus  occurs  in  Aquitanian 
and  Burdigalian  age  faunas.  Either  of  these  European  species 
could  be  ancestral  to  the  North  American  immigrant,  P.  hes perus . 


Family  HETER0MYIDAE  Allen  and  Chapman,  1893 
Subfamily  Heteromyinae  Alston,  1876 
Genus  Mo ok omys  Wood,  1931 
Mo ok omys  altif luminus  Wood,  1931 
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TABLE  1.  MEASUREMENTS* 


N 

X 

S 

V 

Pseud other id omys 

cuyamens is 

length 

9 

1.14 

+ 

.02 

.068 

5. 

,95 

width 

7 

1.18 

T 

.03 

.075 

6. 

,35 

M1  ’ 2 

length 

14 

0.99 

+ 

.02 

.061 

6. 

,70 

width 

12 

1.19 

*r 

.02 

.066 

5. 

,5 

M3 

length 

5 

0.85 

+ 

.02 

.054 

6. 

,35 

width 

5 

0.98 

T 

.04 

.085 

8. 

,6 

P 

length 

7 

1.22 

+ 

.01 

.036 

2. 

,9 

4 

width 

10 

0.95 

.02 

.054 

5. 

,7 

M 

length 

6 

1.11 

+ 

.01 

.030 

2, 

.7 

i 

width 

4 

1.10 

+ 

.01 

.018 

1. 

.64 

M 

length 

5 

1.04 

+ 

.04 

.093 

8. 

.94 

M2 

width 

4 

0.98 

T 

.02 

.046 

4, 

.7 

M 

length 

8 

1.01 

+ 

4- 

.03 

.087 

8, 

,6 

M3 

wid  th 

8 

0.90 

.02 

.051 

5. 

.7 

Mookomy 

s cf.  alt: 

if luminus 

P^ 

length 

2 

0.99 

width 

2 

1.16 

M1 

length 

2 

1.00 

wid  th 

2 

1.05 

2 

length 

3 

0.92 

+ 

.04 

.065 

7. 

.0 

M 

width 

3 

1.12 

t 

.06 

.11 

9. 

.8 

M3 

length 

5 

0.74 

+ 

_i_ 

.02 

.038 

5. 

. 1 

width 

5 

0.92 

.01 

.027 

2. 

.9 

length 

2 

0.78 

P4 

wid  th 

2 

0.69 

. 

M 

length 

5 

1.06 

+ 

.02 

.035 

3, 

.3 

Mi 

wid  th 

7 

1.14 

± 

.03 

.082 

7. 

.2 

length 

4 

0.90 

+ 

.03 

.068 

7. 

,5 

m2 

width 

5 

1.08 

i 

.02 

.041 

3, 

,8 

m3 

length 

3 

0.80 

+ 

.01 

.015 

1. 

.8 

width 

3 

0.88 

-t 

.03 

.059 

6. 

.7 

OR 


1.02-1.22 

1.08- 1.29 

0.90-1.06 

1.09- 1.24 

0.78-0.92 

0.89-1.09 

1.17-1.26 

0.85-0.99 

1.09- 1.17 
1.05-1.14 

0.90-1.12 

0.92-1.03 

0.86-1.12 

0.82-0.98 


0.97-1.00 

1.12-1.20 

0.96-1.33 

0.92-1.18 

0.86-0.99 

0.99-1.20 

0.68-0.78 

0.88-0.94 

0.66-0.89 

0.65-0.73 

1.01-1.10 

1.05-1.23 

0.84-0.99 

1.02-1.11 

0. 79-0.82 
0.84-0.95 
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Table  1 

. (Cont. 

) N 

Proheteromys  sulculus 

P4 

length 

8 

width 

8 

M1 

length 

4 

wid  th 

4 

M2 

length 

8 

width 

7 

M3 

length 

12 

wid  th 

12 

P 

length 

10 

wid  th 

11 

M 

length 

5 

ni 

wid  th 

4 

M2 

length 

5 

width 

5 

M 

length 

14 

3 

width 

14 

Proheteromys  ma 

gnus 

M1 

length 

7 

width 

7 

2 

M 

length 

3 

width 

4 

M3 

length 

1 

width 

2 

P 

length 

1 

P4 

width 

1 

Mi 

length 

5 

width 

5 

m2 

length 

3 

width 

3 

M 

length 

2 

3 

width 

3 

*all  measurements  in 


X S 


1. 

,37 

± 

.04 

.099 

1. 

,44 

+ 

.02 

.050 

1. 

.03 

± 

.04 

.074 

1. 

,37 

+ 

.04 

.070 

1. 

,01 

+ 

.03 

.072 

1. 

,32 

± 

.02 

.055 

0. 

,85 

+ 

.01 

.042 

1, 

,04 

+ 

.02 

.053 

1. 

,12 

+ 

.02 

.048 

1. 

, 14 

+ 

.02 

.058 

1. 

,22 

+ 

.02 

.054 

1. 

,35 

+ 

.02 

.036 

1. 

.10 

.03 

.072 

1. 

.29 

+ 

.02 

.037 

0. 

,91 

+ 

.02 

.065 

1. 

,04 

+ 

.02 

.056 

1.56 

± .03 

.082 

1.90 

* .03 

.067 

1.09 

± .04 

.068 

1.52 

± .02 

.031 

1.30 

1.45 

1.69 

1.51 

1.66 

* .02 

.034 

1.74 

* .02 

.040 

1.55 

* .02 

.042 

1.67 

* .02 

.035 

1.40 

1.45 

- .02 

.026 

illimeters 


V OR 


7.2 

3.5 

1.24-1.53 

1.37-1.53 

7.2 

5.1 

0.93-1.11 

1.28-1.45 

7.1 

4.2 

0.93-1.17 

1.24-1.42 

4.9 

5.1 

0.79-0.91 

0.92-1.11 

4.3 

5.1 

1.07-1.23 

1.00-1.22 

4.4 

2.7 

1.17-1.28 

1.31-1.39 

6.5 

2.9 

1.00-1.17 

1.24-1.33 

7.1 

5.4 

0.79-0.98 

0.95-1.17 

5.2 

3.5 

1.46-1.70 

1.82-2.00 

6.2 

2.0 

1.04-1.17 

1.49-1.56 

1.40-1.50 

2.0 

2.3 

1.62-1.70 

1.69-1.79 

2.3 

2.1 

1.50-1.58 

1.63-1.69 

1.8 

1.36-1.43 

1.43-1.48 
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Mookomys  altifluminus  Wood,  1931,  Amer.  Mus . Novitates  501:  7. 

Stratigraphic  and  geographic  occurrence : Deep  River  Formation, 

Montana,  and  Branch  Canyon  Formation,  Santa  Barbara  County,  Cali- 
fornia . 


Age : Hemingf ord ian . 

Mookomys  cf.  M.  altifluminus 

Mater ia 1 : 31  isolated  cheek  teeth  (1  dP^,  3 , 2 M^ , 3 M^ , 5 

M^ , 2 P^ , 7 Mj^,  5 M2 , and  3 M^)  from  UCMP  locality  V6761. 

Emended  diagnosis : Small  brachy lophodont  heteromyid  rodent  with 

lingual  hypostyle  on  P^ . Lophs  of  upper  molars  tend  to  close 
lingually  after  little  or  moderate  wear;  lophs  of  lower  molars 
remain  separate  until  late  wear.  Anterior  cingulum  of  lower  mo- 
lars is  separate  from  protostylid  in  early  wear.  Protolophid  of 
P^  has  two  prominent,  subequal  cusps  that  are  separate  until  late 
wear;  protolophid  and  metalophid  of  P^  are  separate  until  late 
wear . 


Comparisons : M,  alt  if luminus  is  larger  than  Mookomys  f ormicorum 

Wood  and  Mookomys  subtilis  Lindsay,  both  from  younger  deposits 
near  Barstow,  California.  Proheteromys  parvus  (Troxell)  is  also 
very  similar  but  larger  than  M.  a ltif luminus . Topotypic  speci- 
mens of  M.  altif luminus  were  not  available  for  examination  when 
specimens  from  the  Vedder  fauna  were  studied. 

Description:  Three  specimens  of  P^  have  an  oval  occlusal  out- 

line, with  width  greater  than  length.  Protoloph  is  single  cusp- 
ed , with  a median,  transversely  wide  protocone.  Metaloph  is 
slightly  curved  and  possesses  three  cusps  (metacone,  hypocone , 
and  hypostyle).  Union  of  protoloph  and  metaloph  is  medial  after 
late  wear.  Hypostyle  is  smaller  than  other  cusps;  it  is  orient- 
ed anteroposterior ly  and  has  a slightly  anterior  position  rela- 
tive to  metacone  and  hypocone.  All  cusps  are  joined  at  their 
bases . 


Upper  molars  have  an  oval  (wider  than  long)  occlusal  outline. 
M^  is  larger  than  M^ , which  is  larger  than  M-^ . Protoloph  is 
wider  (laterally)  than  metaloph,  although  they  are  near  equal  on 
M^,  Lophs  join  lingually  and  medially  on  M^  after  moderate  wear, 
join  lingually  on  M^  after  early  wear,  and  are  joined  lingually 
on  M^  when  newly  erupted.  Transverse  valley  is  shallow,  slightly 
curved  on  M^,  straight  on  M^  and  M^ . Protoloph  is  straight  with 
three  cusps  (paracone,  protocone,  and  protostyle).  Metaloph  is 
slightly  curved,  with  three  cusps  (metacone,  hypocone,  and  hypo- 
style); metacone  is  very  minute  on  M^ . The  anterior  cingulum  on 
M^  is  directed  labially  from  the  protostyle,  terminating  anterior 
to  the  paracone.  It  is  much  reduced  and  discontinuous  on  M^  and 
M^ . Posterior  cingulum  is  continuous  from  hypostyle  to  metacone, 
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Fig.  5.  Mookomys  cf.  M.  altif luminus  Wood.  a.  UCMP  80354, 
right  M^,  occlusal  view.  b.  UCMP  82086,  right  , occlusal 
view.  c.  UCMP  82085,  right  P^ , occlusal  view.  d.  UCMP  80345, 
right  deciduous  P^ , occlusal  view.  e.  UCMP  82069,  right  M^ , 
occlusal  view.  f.  UCMP  82086,  right  M-*- , lingual  view.  g.  UCMP 
82085,  right  P^,  anterior  view.  h.  UCMP  80345,  right  deciduous 
P^ , anterior  view.  i.  UCMP  82076,  left  P4 , occlusal  view.  j. 
UCMP  82081,  left  M2,  occlusal  view.  k.  UCMP  82075,  right  M^, 
occlusal  view.  1.  UCMP  82153,  right  M~  , occlusal  view.  m. 

UCMP  82076,  left  P4 , labial  view.  n.  UCMP  82081,  left  M2,  la- 
bial view.  o.  UCMP  82075,  right  M-^ , labial  view.  p.  UCMP 
82076,  left  P4,  anterior  view.  Scale  line  equals  1 mm. 

curving  to  pass  posterior  to  the  hypocone.  A median  transverse 
loph  (much  reduced  on  M^  and  M^ ) connects  paracone  and  protocone. 

Two  specimens  of  P^  have  a subcircular  occlusal  outline.  Pro- 
tolophid  is  slightly  narrower  than  metalophid , and  is  oblique  to 
the  transverse  plane  of  the  tooth.  Two  separate  and  subequal 
cusps  (large  protoconid  and  small  protostylid)  are  present  on 
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the  protolophid.  Metalophid  is  straight  with  two  subequal  cusps 
(raetaconid  and  hypoconid),  hypoconid  is  transversely  elongate. 

The  transverse  valley  is  open,  protolophid  and  metalophid  do  not 
unite  before  they  are  removed  by  wear. 

Lower  molar  teeth  have  subrectangular  to  suboval  (wider  than 
long)  occlusal  outlines.  M^  is  larger  than  , which  is  larger 
than  . Metalophid  and  hypolophid  are  subequal  in  height  and 
width  on  M3,  but  hypolophid  is  distinctly  lower  and  narrower  on 
M2  and  M3.  Lophids  are  never  joined  until  late  wear.  The  trans- 
verse valley  is  open,  curved  (convex  anteriorly)  and  relatively 
deep.  Metalophid  is  inflated  labially  with  three  principal  cusps 
(metaconid,  protoconid,  and  protostylid)  on  M3  and  M£ ; protosty- 
lid  is  minute  on  M . Hypolophid  is  straight  with  three  principal 
cusps  (entoconid,  hypoconid,  and  hypostylid)  on  M and  M2;  hypo- 
stylid  is  absent  from  M3.  The  protoconid  and  hypoconid  are  near 
the  medial  anteroposterior  axis  of  the  tooth.  Protostylid  and 
hypostylid  are  smaller  than  other  principal  cusps;  hypostylid  is 
usually  smaller  than  protostylid.  The  anterior  cingulum  unites 
with  the  protostylid  after  moderate  wear.  It  continues  lingually 
on  M^  to  terminate  anterior  to  the  protoconid;  on  M2  and  M3  the 
anterior  cingulum  is  restricted  to  the  anterolabial  corner  of  the 
tooth.  Entoconid  and  hypoconid  are  joined  by  a low  transverse 
loph.  A posteroconid  is  labial  and  posterior  to  the  entoconid  on 
2 of  4 M3  specimens;  it  is  absent  on  other  molars.  Measurements 
are  given  in  Table  1. 

A small  unworn  dP^  (UCMP  80345)  with  subcircular  occlusal  out- 
line is  assigned  to  M.  alt  if luminus  because  of  its  size.  Three 
principal  cusps  (metacone,  protocone,  and  twinned  hypocone)  and 
three  secondary  cusps  (protostyle,  hypostyle,  and  postercone) 
are  present.  The  metacone  is  anterolabial,  protocone  is  anterior, 
and  the  twinned  hypocone  is  sub-central.  These  cusps  surround 
a small  central  valley  that  opens  anterolabially  between  the  pro- 
tocone and  metacone.  The  protostyle  blocks  this  valley  on  the 
anterolingual  side  and  the  posterocone  blocks  the  valley  on  the 
posterolab ia 1 side.  Hypostyle  is  lingual  to  hypocone. 

Discussion:  Assignment  of  this  taxon  to  Mookomys  altif luminus 

is  difficult  because  upper  teeth  of  this  species  are  not  known. 
Specimens  of  the  Vedder  fauna  assigned  to  M.  altif luminus  have  a 
cusp  pattern  on  P1  that  is  more  characteristic  of  Heteromyinae 
than  the  Perognathinae . As  noted  by  Wood  (1931,  1935),  Mookomys 
(the  reputed  stem  of  the  Perognathinae)  is  very  close  to  Prohet- 
eromys  (the  stem  of  the  Heteromyinae).  Wilson  (1960:  78)  sugges- 
ted these  subfamilies  are  not  clearly  separable  at  this  stage  of 
the  Miocene  (Hemingf ord ian) . 

Nothing  in  its  morphology  would  exclude  M.  altif luminus  from 
the  ancestry  of  Proheteromys  sulculus , another  taxon  of  the  Ved- 
der fauna.  Indeed,  an  earlier  population  of  M.  altif luminus 
probably  gave  rise  to  the  Vedder  M.  altif luminus  and  P.  sulculus ; 
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both  Mookomys  and  Proheteromys  share  characters  of  the  subfamily 
Heteromyinae . The  earliest  known  heteromyid  with  a distinctly 
perognathine  cusp  pattern  on  r'  is  Perognathus  minutus , known 
from  Barstovian  deposits  in  the  Cuyama  Badlands  and  Mojave  Desert 
of  southern  California. 


The  deciduous  P^  (UCMP  80345)  assigned  to  M.  altif luminus  is 
distinctly  heteromyine  and  has  a fairly  prominent  lingual  proto- 
style. Lingual  cusp  on  the  permanent  P^  of  Heteromyinae  is  named 
a hypostyle,  more  or  less  by  convention.  Morphology  of  UCMP 
80345  suggests  the  lingual  cusp  on  the  permanent  P^  of  Heteromyi- 
nae may  be  the  protostyle  rather  than  the  hypostyle.  Rensberger 
(1971:  pi.  8b)  illustrated  a deciduous  P^  of  Heteromys  desmares- 
tr ianus  with  a prominent  lingual  cusp  between  the  protocone  and, 
the  metaloph  as  in  UCMP  80345.  The  lingual  cusp  on  permanent  P^ 
of  Heteromyinae  should  be  called  a hypostyle  until  homology  can 
be  determined.  The  lingual  cusp  on  deciduous  of  Perognathinae 
and  Dipodomyinae  appears  to  be  closer  to  and  connected  with  the 
metaloph,  and  is  therefore  a hypostyle.  Homology  of  cusps  on  de- 
ciduous and  permanent  upper  premolars  of  heteromyids  may  contri- 
bute significantly  to  the  understanding  of  the  phylogeny  of  these 
subfamilies . 


Genus  Proheteromys  Wood,  1932 

Proheteromys  sulculus  Wilson,  1960 

Proheteromys  sulculus  Wilson,  1960,  Univ.  Kansas  Paleontol.  Con- 
trib.,  Vertebrata  7:  75. 

Stratigraphic  and  geographic  occurrence : Pawnee  Creek  Formation, 

northeastern  Colorado,  and  Branch  Canyon  Formation,  Santa  Barbara 
County,  California. 

Age : Hemingf ordian. 

Material:  79  isolated  cheek  teeth  (11  P^,  8 m\  9 M^,  12  M^ , 12 

P^,  6 M-p  7 M2,  and  14  M^)  from  UCMP  locality  V6761. 

Description : Upper  premolars  have  an  oval  occlusal  outline  with 

length  nearly  as  great  as  width.  P^  is  larger  than  upper  molars. 
Protoloph  has  a single-cusped , transversely  oval  protocone.  Meta- 
loph has  two  or  three  cusps  (hypocone  may  be  twinned)  oriented 
transversely;  paracone  and  hypocone  are  connected  by  a low  loph. 
Hypostyle  is  lingual,  and  is  usually  connected  to  the  metaloph 
by  the  posterior  cingulum.  A small  accessory  cuspule  is  anterior 
to  the  hypostyle  on  UCMP  82039  (Fig.  6,  a-c).  A small  postero- 
cone  is  present  on  3 of  10  specimens.  The  posterior  cingulum  is 
arcuate,  forming  a rounded  posterolingual  margin  of  the  metaloph 
in  moderate  to  late  wear. 


Upper  molars  have  a transversely  oval  occlusal  outline,  width 
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Fig.  6.  Proheteromys  sulculus  Wilson,  a.  UCMP  82039,  right  P , 
occlusal  view.  b.  UCMP  82039,  right  P^,  lingual  view.  c.  UCMP 
82039,  right  , anterior  view.  d.  UCMP  81193,  right  P^,  occlu- 
sal view.  e.  UCMP  81193,  right  P^ , lingual  view.  f.  UCMP 
81193,  right  P , anterior  view.  g.  UCMP  82043,  left  M-*- , occlu- 
sal view.  h.  UCMP  82051,  left  M^,  occlusal  view.  i.  UCMP 
82061,  left  M^ , occlusal  view.  j.  UCMP  82068,  right  M^ , occlu- 
sal view.  Scale  line  equals  1 mm. 

1 2 

greater  than  length.  M is  larger  than  M , which  is  larger  than 
M^ . Protoloph  is  straight  with  three  cusps  (paracone,  protocone, 
and  protostyle).  On  M^  and  M^  the  metaloph  is  curved  with  three 
cusps  (metacone,  hypocone,  and  hypostyle) ; on  M^  the  hypocone  is 
distinct,  hypostyle  is  indistinct,  and  metacone  is  absent.  Pro- 
tostyle and  hypostyle  are  lower  than  other  cusps,  except  on  M^ 
where  the  protostyle  is  the  largest  cusp.  The  transverse  valley 
is  narrow  and  relatively  shallow;  it  is  closed  lingually  by  union 
of  protostyle  and  hypostyle  in  late  wear  on  M^ , and  in  early  wear 
on  M^  and  M^ . The  anterior  cingulum  is  weakly  developed,  connec- 
ting paracone,  protocone,  and  protostyle.  The  posterior  cingulum 
is  well  developed,  arcuate,  connecting  the  posterior  margin  of 
the  hypocone  with  other  cusps  of  the  metaloph.  A small  protocon- 
ule  is  anterior  and  lingual  to  the  paracone  in  5 of  15  specimens 
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of  M-*-  and  M^,  and  8 of  9 specimens  of  M^  . Posterocone  is  absent. 

Lower  premolars  have  an  obovate  occlusal  outline,  length  great- 
er than  width.  is  smaller  than  M^ . Protolophid  is  narrower 


I J 

Fig.  7.  Proheteromys  sulculus  Wilson,  a.  UCMP  82004,  left  P^, 
occlusal  view.  b.  UCMP  82011,  left  P^,  occlusal  view.  c. 

UCMP  82006,  right  P^,  occlusal  view.  d.  UCMP  80360,  left  M^, 
occlusal  view.  e.  UCMP  82017,  right  M2,  occlusal  view.  f. 

UCMP  82004,  left  P^ , anterior  view.  g.  UCMP  82011,  left  P^, 
anterior  view.  h.  UCMP  82006,  right  P^,  anterior  view.  i. 

UCMP  82036,  left  M3,  occlusal  view.  j.  UCMP  80363,  right  M2, 
occlusal  view.  Scale  line  equals  1 mm. 

than  metalophid  and  has  two  cusps  (protoconid  and  protostylid ) . 
Metalophid  is  straight  with  two  large  cusps  (metaconid  and  hypo- 
conid)  and,  on  7 of  11  specimens,  a small  hypostylid.  Protosty- 
lid is  smaller  and  slightly  posterior  relative  to  the  protoconid; 
these  cusps  are  joined  below  their  apices  in  8 of  10  specimens. 

A small  anteroconid  is  present  on  one  specimen.  Protolophid  and 
metalophid  are  joined  submedially  in  relatively  late  wear  by  a 
low,  narrow  loph.  The  transverse  valley  is  deepest  on  the  ling- 
ual side. 

Lower  molars  have  an  oval  occlusal  outline,  width  greater  than 
length.  M3  is  larger  than  M2,  which  is  larger  than  Mo.  Metalo- 
phid and  hypolophid  are  subequal  in  lateral  width  on  M3  and  M^; 
the  metalophid  is  slightly  inflated  with  three  cusps,  metaconid, 
protoconid,  and  protostylid  (protostylid  is  minute  or  absent  on 
8 of  10  specimens  of  M3) . Hypolophid  is  straight  with  three 
cusps  (entoconid , hypoconid,  and  hypostylid)  on  M.  and  M2;  hy- 
postylid is  absent  on  . Protostylid  and  hypostylid  are  smaller 
than  the  other  cusps,  and  hypostylid  is  smaller  than  the  proto- 
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stylid  on  M2*  Transverse  valley  is  closed  labially  or  medially 
in  late  wear  on  M^ , closed  labially  in  late  wear  on  M9 , and  open 
until  lophs  are  removed  by  wear  on  . Anterior  cingulum  is  pro- 
minent on  and  M9 , rudimentary  on  M^  ; it  is  always  directed  to- 
ward the  protostylid  from  the  anterior  margin  of  protoconid  and 
metaconid . Posterior  cingulum  is  weakly  developed,  connecting 
the  entoconid  and  hypoconid . A small  anteroconid  is  present  an- 
terior and  labial  to  the  entoconid  on  another  M-^  specimen.  Meas- 
urements are  given  in  Table  1. 


Discussion : Proheteromys  sulculus  is  known  from  two  localities, 

the  Quarry  A fauna  in  Colorado  and  the  Vedder  Fauna  in  California 
Specimens  from  Colorado  have  slightly  larger  P , M^ , Pa,  and  M^ ; 
California  specimens  have  slightly  larger  M^  and  . Absence  of 
other  morphological  differences  suggests  a very  close  temporal 
correlation  for  the  Colorado  and  California  assemblages.  Prohet- 
eromys f loridanus  from  the  Thomas  Farm  fauna  of  Florida  is  very 
close  to  P.  sulculus  but  is  slightly  smaller.  It  might  be  inter- 
preted that  P.  f lor idanus  is  more  primitive  than  P.  sulculus  be- 
cause of  its  smaller  size.  As  stated  above,  Mookomys  altif lu- 
minus  must  be  close  to  the  ancestry  of  P.  sulculus . 

Proheteromys  magnus  Wood,  1932 


Proheteromys  magnus  Wood,  1932,  Florida  State  Geol.  Surv.  Bull. 
10:  46. 


Stratigraphic  and  geographic  occurrence : Hawthorn  Formation, 

Florida;  Pawnee  Creek  Formation,  Colorado;  and  Branch  Canyon  For- 
mation, Santa  Barbara  County,  California. 


Age : Hemingf ord ian . 

Mater  ia  1 : 34  isolated  cheek  teeth  (1  p\  8 4 M^,  2 M^ , 1 

dP^,  2 P^,  6 Mji,  6 M2,  and  4 M^)  from  UCMP  locality  V6761. 

4 

Description:  One  broken,  slightly  worn  P (UCMP  80330)  is  as- 

signed to  P.  magnus  because  of  its  large  size.  Its  transversely 
oval  protocone  is  connected  lingually  to  the  hypostyle. 


Occlusal  outline  of  upper  molars  is  subrectangular  (although 
slightly  more  oval  in  M^  and  M^) , wider  than  long.  M^  is  larger 
than  M^,  which  is  larger  than  M . Protoloph  and  metaloph  are 
subequal  in  width  on  M^  and  M^ , protoloph  is  slightly  wider  than 
metaloph  on  M^ . Protoloph  is  straight  with  three  principal  cusps 
(paracone,  protocone,  and  protostyle).  Metaloph  with  three  prin- 
cipal cusps  (metacone,  hypocone,  and  hypostyle)  is  curved  and  in- 
flated medially.  Lophs  are  united  lingually  in  M and  M^  after 
moderate  wear,  they  are  united  in  M^  after  late  wear.  Protocone 
and  hypocone  are  near  the  median  axis  of  the  tooth.  Paracone, 
protocone,  and  protostyle  are  connected  posteriorly  by  a low 


1 *'  o 

transverse  loph  in  M and  M 


protostyle  is  isolated  in  MJ 
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Fig.  8.  Proheteromys  magnus  Wood.  a.  UCMP  80330,  left  P , oc- 
clusal view.  b.  UCMP  81197,  left  M-*-,  occlusal  view.  c.  UCMP 

82074,  left  M^,  occlusal  view.  d.  UCMP  82161,  left  M^ , occlus- 

al view.  e.  UCMP  82154,  right  deciduous  P, , occlusal  view.  f. 
UCMP  81197,  left  M^,  lingual  view.  g.  UCMP  80334,  left  P^ , oc- 
clusal view.  h.  UCMP  80334,  left  P^,  anterior  view.  i.  UCMP 

82155,  left  M , occlusal  view.  j.  UCMP  80341,  right  M2,  occlu- 

sal view.  k.  UCMP  80339,  right  M-^,  occlusal  view.  Scale  line 
equals  1 mm. 

posterior  cingulum  is  continuous  between  the  metacone  and  hypo- 
style,  on  the  posterior  side  of  the  hypocone.  A minute  to  small 
protoconule  is  present  on  12  of  14  specimens.  Union  of  paracone 
and  protoconule  after  moderate  wear,  and  triangular  shape  of  the 
protostyle  tend  to  isolate  enamel  lakes  adjacent  to  the  proto- 
cone, especially  on  M . Base  of  the  enamel  is  deepest  on  the 
median  anteroposterior  axis  in  M . 

An  isolated  deciduous  P^  (UCMP  82154)  is  assigned  to  P.  magnus 
because  of  its  size  and  crown  height.  Occlusal  outline  of  the 
tooth  is  elongate  oval,  longer  than  wide.  Anterior  and  posterior 
lophs  are  joined  by  a narrow  median  loph.  Protolophid  has  a 
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prominent  metaconid,  distinctive  protoconid  and  protostylid,  and 
a small  anteroconid.  Metaconid,  protoconid,  and  anteroconid  are 
joined  medially  by  a low  loph.  Metalophid  has  a prominent  ento- 
conid  and  hypoconid;  posteroconid  and  hypostylid  are  small.  En- 
toconid  and  hypoconid  are  joined  anteriorly  by  a transverse  loph 
that  also  joins  the  median  loph.  An  anterior  cingulum  is  contin- 
uous on  the  labial  side  from  anteroconid  almost  to  hypoconid. 
Enamel  in  this  specimen  is  relatively  thick,  and  depth  of  the 
crown  is  approximately  twice  the  height  of  cusps. 

Lower  permanent  premolars  have  a subrectangular  occlusal  out- 
line, longer  than  wide.  Protolophid  and  metalophid  are  joined 
medially  by  a narrow  loph;  both  lophs  have  two  principal  cusps, 
metaconid  and  protoconid  on  the  protolophid,  entoconid  and  hypo- 
conid on  the  metalophid.  Transverse  valley  is  closed,  very  nar- 
row, and  moderately  deep.  A posteroconid  and  hypostylid  are 
barely  discernible.  Anteroconid  is  absent.  Depth  of  the  crown 
is  approximately  twice  the  height  of  the  cusps. 

Lower  molars  have  subrectangular  occlusal  outlines.  and 

M2  are  wider  than  long,  M-j  is  approximately  as  wide  as  long.  M 
is  larger  than  M2,  which  is  larger  than  M^ • Metalophid  and  hypo- 
lophid  are  always  separate  until  late  wear.  These  lophids  are 
subequal  in  lateral  width  on  M^  and  M2,  hypolophid  is  narrower  on 
Mo.  Metalophid  is  inflated  labially  and  has  three  principal 
cusps  (metaconid,  protoconid,  and  protostylid).  Hypolophid  is 
straight  with  three  principal  cusps  (entoconid,  hypoconid,  and 
hypostylid)  on  M^  and  M2;  hypostylid  is  absent  on  M-j . Protoconid 
and  hypoconid  are  always  labial  relative  to  the  median  antero- 
posterior axis  of  the  tooth.  Protostylid  and  hypostylid  are 
smaller  than  other  principal  cusps.  A small  to  minute  postero- 
conid is  present  on  M^  and  M . Anterior  cingulum  is  curved,  con- 
tinuous along  the  anterior  border  of  the  tooth  between  metaconid 
and  protostylid,  and  anterior  to  the  protoconid  on  M^  and  M2;  it 
is  reduced  on  M3,  terminating  anterior  to  the  protoconid.  Ento- 
conid, hypoconid,  and  hypostylid  are  connected  anteriorly  by  a 
low  transverse  loph.  Measurements  are  given  in  Table  1. 

Discuss  ion : Proheteromys  magnus  was  described  from  the  Thomas 

Farm  fauna  of  Florida  (Wood,  1932),  and  a similar  but  not  iden- 
tical form  was  described  from  Quarry  A fauna  of  Colorado  by 
Wilson  (1960).  P.  magnus  specimens  from  the  Vedder  fauna  are 
within  the  size  range  of  specimens  from  Florida  and  Colorado 
(measurements  of  Black,  1963)  with  P,  slightly  larger  in  the  Cal- 
ifornia specimens.  Morphologic  similarity  of  P.  magnus  specimens 
from  these  three  areas  suggests  very  close  temporal  correlation. 
Assuming  a trend  toward  large  size,  Proheteromys  maximus  James 
(1963)  from  the  Cuyama  Badlands  is  probably  derived  from  P. 
magnus . 
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ERRATA 

To  Pa leoBios  No.  15,  p.  17.  Insert  between  Age : and  Description 

Blackia  sp.  indet. 

Materia  1 ; UCMP  loc.  V6761  - UCMP  82137,  left  M ; and  UCMP  82140 
left  P4.  3 
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ABSTRACT 

Notidanion  howellii  Reed,  1946  (Selachii:  Hexanchidae)  from 

the  Eocene  Shark  River  Formation  of  New  Jersey  is  referred  to 
the  genus  Heptranchias . Teeth  of  Heptranchias  from  the  Eocene  of 
Vancouver  Island,  British  Columbia,  the  Lincoln  Creek  Formation 
of  Washington,  and  the  Keasey  and  Nestucca  Formations  of  Oregon 
are  considered  to  be  conspecific  with  Heptranchias  howellii ■ H. 
howellii  is  chronologically  restricted  to  strata  of  Narizian  and 
lower  Refugian  age  in  the  northeastern  Pacific  and  is  interpreted 
to  be  a deep  water  form,  occurring  in  association  with  upper 
bathyal-lower  neritic  invertebrate  faunas. 

INTRODUCTION 

Gill  (1885)  defined  the  family  Hexanchidae  to  include  three 
extant  genera,  Hexanchus  Rafinesque,  1810,  Notorhynchus  Ayres, 
1855,  and  Heptranchias  Rafinesque,  1810.  Hexanchus  and  Noto- 
rhynchus had  a cosmopolitan  distribution  throughout  the  Cenozoic 
whereas  Heptranchias  is  presently  known  only  from  the  Oligocene 
of  Japan  (Applegate  and  Uyeno,  1968)  and  the  Eocene  of  Vancouver 
Island,  British  Columbia  (Waldman,  1971). 

Reed  (1946)  described  Notidanion  howellii , a new  Eocene  shark 
of  the  family  Notidanidae  from  the  Shark  River  Formation  of  New 
Jersey.  She  stated  that  "In  size,  Notidanion  howellii  compares 
favorably  with  the  Cretaceous  and  Early  Tertiary  species  of  No- 
t idan ion  micr odon  (Agassiz),  Notidanion  serratissimus  (Agassiz), 
and  Notidanion  tenuidens  (Leriche),  all  of  which  were  originally 
described  as  species  of  Not idanus . It  differs  from  Not idanion 
microdon  (Agassiz)  and  Notidanion  serratissimus  (Agassiz)  in  hav- 
ing the  anterior  denticles  much  larger,  and  in  having  a different 
number  and  arrangement  of  accessory  cones.  It  differs  from  Noti- 
danion tenuidens  (Leriche)  in  the  greater  thickness  of  the  root, 
more  numerous  anterior  denticles  and  fewer  accessory  cones"  (Reed, 
1946:  3). 

There  is  a great  similarity  between  Reed's  figures  of  N.  how- 
ellii and  teeth  of  Heptranchias  which  Waldman  (1971)  figures  from 
the  Eocene  of  Vancouver  Island,  British  Columbia.  Waldman  did 
not  compare  his  specimens  with  N.  howellii;  however,  subsequent 
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examination  of  his  specimens  revealed  that  these  two  forms  are 
congeneric  and  probably  conspecific. 

Welton  (1972,  1973)  described  Heptranchias  from  the  late  Eo- 
cene of  Oregon  but  refrained  from  making  a specific  diagnosis. 
Morphologically  the  Oregon  teeth  differ  only  slightly  from  N. 
howellii  and  I now  consider  them  to  be  conspecific. 

Heptranchias  and  Hexanchus  were  defined  by  Rafinesque  in  1810 
for  sharks  having  seven  and  six  pairs  of  gill  openings,  respec- 
tively. Cuvier  (1817,  1829)  placed  both  genera'  in  synonomy  with 
Not idanus  Cuvier,  1817  (=  Notidanion  Reed,  1946)  in  the  family 
Notidanidae.  The  name  Hexanchus  has  priority  over  Notidanus , a 
problem  discussed  by  Applegate  (1965b).  He  demonstrated  that 
each  of  these  genera  may  be  distinguished  from  the  others  on  the 
basis  of  tooth  morphology,  the  lower  laterals  in  particular. 
Hexanchus  may  have  either  a smooth  (as  in  the  case  of  juvenile 
teeth)  or  serrated  symphysial  margin  on  the  primary  cusp  (Fig. 
IE).  Heptranchias  has  one  to  five  distinct  narrow  denticles  on 
the  symphysial  margin  of  the  primary  cusp  (Fig.  1C),  and  the 
third  genus  of  Hexanchidae,  Notorhynchus , differs  in  having  small 
unequal  denticles  (Fig.  ID). 

The  lower  lateral  teeth  in  Hexanchus  and  Notorhynchus  exhibit 
a large  primary  cusp  and  smaller  secondary  cusps  which  decrease 
in  height  along  a gradient  from  sci,  SC2,  sco  ...  to  the  last 
cusp  (Fig.  ID,  E) . Heptranchias  (Fig.  1 A-C  and  PI.  1)  resem- 
bles other  hexanchids  in  having  a large  primary  cusp  and  differs 
in  its  ungraduated  secondary  cusp  pattern. 

The  meagerness  of  the  fossil  record  of  Heptranchias  is  more 
apparent  than  real  and  is  due  in  part  to  systematic  and  taxonomic 
confusion  regarding  generic  differences  in  the  Family  Hexanchidae 
For  example,  in  a paper  describing  the  elasmobranch  faunas  of 
Australia,  Pledge  (1967:  140)  stated  that  "Notidanus  Cuvier  in- 
cluded Hexanchus  and  Heptranch ias  Rafinesque  1810,  and  Notorhyn- 
chus Ayres  1855,  as  there  is  no  apparent  generic  difference  be- 
tween the  teeth  of  these  living  genera."  Of  the  four  figured 
hexanchid  teeth  (Pledge,  1967:  pi.  1,  figs.  1-3)  which  he  refers 
to  Notidanus  serratissimus  Agassiz,  the  lower  tooth  in  fig.  3 
belongs  to  Heptranchias  and  the  remainder  are  clearly  lower  lat- 
erals of  Hexanchus . 

Jordan  (1907)  described  Heptranchias  andersoni  on  the  basis  of 
four  teeth  from  Barker's  Ranch  (Hemingf ord ian) , Kern  County,  Cali 
fornia.  Leriche  (1908)  synonymized  Heptranchias  andersoni  with 
Not idanion  pr imigenius  and  Arambourg  (1927)  referred  Heptranchias 
andersoni  to  Hexanchus  gigas . I consider  Arambourg' s generic 
assignment  to  be  correct  but  hesitate  to  refer  the  West  Coast 
species  to  a European  taxon  (Hexanchus  gigas)  until  the  former 
has  been  adequately  diagnosed. 
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Figure  1.  A & B , Heptranchias  howellii  (Reed,  1946);  holotype, 
ANSP  15078,  lower  left  lateral  tooth.  C.  Heptranchias  perlo; 
LACM  F-468,  lower  left  fourth  lateral  tooth,  scale  line  = 2 mm. 

D.  Notorhynchus  macula tus ; LACM  F-461,  lower  left  fourth  lateral 
tooth,  scale  line  = 4 mm.  E.  Hexanchus  gr iseus ; LACM  F-107, 
lower  left  fourth  lateral  tooth,  scale  line  = 4 mm.  Abbrevia- 
tions: cf,  crown  foot;  cr,  crown;  dn,  denticles;  Hr,  longitu- 

dinal lingual  ridge;  pc,  primary  cusp;  rt,  root;  sc,  secondary 
cusps,  numbered  one  through  five. 
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PLATE  1.  Heptranchias  perlo,  LACM  F-468,  collected  in  Suruga 
Bay,  Shizuoka,  Japan;  upper  and  lower  left  tooth  series:  lack- 

ing iJ  in  the  upper  series  and  posteriors  in  both  upper  and 
lower  series.  Abbreviations:  A,  anterior;  L,  lateral;  M, 

medial;  S,  symphysial;  scale  line  = 5 mm. 
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It  is  the  purpose  of  this  paper  to  reconsider  the  species  No- 
tidanion  howellii  Reed,  1946  and  to  discuss  its  chronologic,  bio- 
geographic and  paleoecologic  occurrence  in  the  Eocene  of  western 
Oregon,  Washington,  and  Vancouver  Island,  British  Columbia. 

ABBREVIATIONS 

The  following  abbreviations  are  used:  ANSP,  Academy  of  Natural 

Sciences  of  Philadelphia;  GSC,  Geological  Society  of  Canada,  Ot- 
tawa; LACM,  Natural  History  Museum  of  Los  Angeles  County,  Verte- 
brate Paleontology  Section;  NSMT,  National  Science  Museum,  Tokyo, 
Japan;  PSU,  Portland  State  University,  Earth  Sciences  Museum, 
Portland,  Oregon;  UCMP,  University  of  California  Museum  of  Paleon- 
tology, Berkeley;  UW,  Burke  Memorial  Washington  State  Museum,  Di- 
vision of  Geology  and  Paleontology,  University  of  Washington, 
Seattle;  CR-7,  UW-CR-6,  locality  numbers  used  in  unpublished  text 
of  John  M.  Armentrout's  (1973)  University  of  Washington  Ph.D.  dis- 
sertation. 

The  tooth  terminology  used  in  this  paper  is  based  in  part  upon 
Applegate  (1965a)  and  Compagno  (1970),  and  is  illustrated  in  Fig. 

1 A a nd  B . 


ACKNOWLEDGEMENTS 

I am  grateful  for  criticisms  and  advice  offered  by  Dr.  J.  T. 
Gregory  and  Mr.  J.  H.  Hutchison  of  the  Department  of  Paleontology, 
University  of  California,  Berkeley.  Dr.  Shelton  P.  Applegate, 
Associate  Curator  of  Vertebrate  Paleontology  of  the  Natural  His- 
tory Museum  of  Los  Angeles  County,  offered  encouragement  and  ad- 
vice as  well  as  access  to  the  paleontological  collection.  Dr. 

John  M.  Armentrout,  now  of  Mobil  Oil  Corporation,  Denver,  Colora- 
do kindly  supplied  locality  and  stratigraphic  data  for  the  Wash- 
ington specimen  of  Heptranchias . Mr.  Armando  Solis  of  the  Natural 
History  Museum  of  Los  Angeles  County  photographed  the  tooth  set  of 
Heptranchias  perlo  (Plate  1) . 

SYSTEMATICS 

Order  HEXANCHIFORMES  Berg,  1940 
Family  HEXANCHIDAE  Gill,  1885 
Genus  Heptranchias  Rafinesque,  1810 
(Figure  LA,  B,  C;  Plates  1,  2) 

Diagnosis : Teeth  different  in  upper  and  lower  jaw,  with  upper 

anteriors  bearing  a single  commissurally  flexed  primary  cusp 
lacking  symphysial  denticles  or  secondary  cusps;  teeth  strongly 
different  between  lower  M^  and  L^  and  between  laterals  and  post- 
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teriors  of  both  upper  and  lower  series;  lower  labials  comb-like 
with  a high  primary  cusp,  one  to  five  denticles  on  the  symphysi- 
al  edge  of  the  primary  cusp,  and  four  to  nine  secondary  cusps  of 
ungraduated  height;  upper  laterals  smaller  than  lowers  with  a 
single  primary  cusp,  one  or  two  secondary  cusps  and  one  or  two 
symphysial  denticles;  length  of  crown  foot  and  denticle  number 
increase  in  size  toward  commissure  in  upper  laterals;  roots  un- 
divided, tabular  except  in  posteriors  which  are  dorsoventrally 
depressed  and  small;  lower  and  upper  posteriors  simple,  extreme- 
ly small,  elongate  with  low  crown  which  lacks  cusps. 

Type  Spec ies : Heptranchias  c iner eus  Rafinesque,  1810 

Heptranchias  howellii  (Reed,  1946),  new  combination 

Notidanion  howellii  Reed,  1946,  Notulae  Naturae  Acad.  Nat.  Sci. 

Philadelphia  172:  1-3. 

Revised  Description  of  Holotype:  Lower  left  ?fourth  lateral 

tooth  possessing  five  denticles  on  the  symphysial  edge  of  the 
primary  cusp  near  the  crown  base.  The  denticles  increase  gradu- 
ally in  size  toward  the  cusp  apex.  The  primary  cusp  is  twice  as 
large  as  sc^,  broad  at  its  base  with  straight  symphysial  and  com- 
missural edges;  and  is  followed  by  five  secondary  cusps;  sc  and 
sc^  are  equal  in  height,  sc^  and  sc^  are  taller  than  the  latter 
two  and  also  equal  in  height,  sc^  is  one  third  the  height  of  sc^. 
The  denticles,  primary  cusp  and  secondary  cusps  are  inclined 
commissurally  at  an  angle  of  approximately  fifty  degrees.  A hor- 
izontal line  is  formed  on  the  lingual  tooth  surface  by  the  junc- 
tion of  the  crown  foot  and  root.  A rounded  transverse  lingual 
ridge  extends  the  length  of  the  root,  approximately  1 mm  below 
the  crown  base,  bending  slightly  upward  at  the  commissural  end 
and  terminated  at  the  symphysial  border  by  a slight  dorsoventral 
depression.  The  root  is  tabular,  somewhat  rectangular  and  dorso- 
ventrally narrowed  toward  the  commissural  end.  In  cross  section 
the  root  is  wedge-shaped,  thickest  at  its  junction  with  the  crown 
base  and  tapering  toward  the  posterior  root  border.  The  tooth  is 
flat  on  the  labial  side,  lingually  convex.  All  cusps  lack  ser- 
rations and  are  "so  thin  as  to  be  almost  translucent;  the  tooth 
as  a whole  is  slightly  twisted,  but  the  cusps  and  denticles  are 
set  straight  on  the  root,  and  are  not  at  all  sigmoid"  (Reed, 

1946) . 

Measurements : Total  height  7 mm  (measured  from  the  tip  of  the 

primary  cusp  to  the  root  base,  perpendicular  to  the  ventral  mar- 
gin of  the  root);  total  length  13  mm  (measured  from  the  symphys- 
ial to  commissural  margins  along  the  crown  foot). 

Discuss  ion : Heptranchias  howellii  differs  from  H.  ezoensis 

Applegate  and  Uyeno,  1968,  NSMT  7421,  in  having  narrower  cusp 
bases,  a narrower  and  high  primary  cusp  and  more  than  two  den- 
ticles on  the  symphysial  edge  of  the  primary  cusp.  A higher 
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primary  cusp  and  the  presence  of  no  more  than  three  denticles  on 
the  lower  lateral  teeth  differentiates  the  extant  species  H.  perlo 
(Bonnaterre,  1788)  from  H.  howellii. 

The  Hexanchidae  have  well  developed  heterodonty,  both  along  a 
single  tooth  series  and  between  upper  and  lower  jaws,  with  medial, 
symphysial,  anterior,  lateral,  and  posterior  tooth  types  (Apple- 
gate,  1965a).  Heptranchias  perlo  has  the  following  dental  formu- 
la : 

LACM  F-468 , Male: 

P10  L7  A3  SI  SI  A3  L7  Pll 
Left  Right 


Pll  L5  Ml  L5  P14 

Tooth  positions  through  L,.  in  the  lower  dentition  of  Heptran- 
chias perlo  (Plate  1)  are  distinguished  by  the  size  and  number  of 
cusps,  number  and  arrangement  of  denticles,  height  and  width  ra- 
tios, and  root  morphology.  Teeth  in  the  females  of  H.  perlo  bear 
a larger  number  of  secondary  cusps  than  in  males  of  the  species 
(Bigelow  and  Schroeder,  1948).  Confirmation  of  the  presence  or 
absence  of  this  dimorphism  in  H.  howellii  and  the  accuracy  of  my 
interpretations  of  the  tooth  positions  must  await  the  examination 
of  additional  specimens  when  arranged  in  tooth  sets. 

OCCURRENCES  OF  HEPTRANCHIAS  HOWELLII 

Among  the  Tertiary  selachian  assemblages  from  Oregon,  Washing- 
ton, and  British  Columbia  in  the  collections  at  Portland  State 
University,  the  University  of  California  Museum  of  Paleontology 
at  Berkeley,  the  Burke  Memorial  Washington  State  Museum,  and  the 
Geological  Survey  of  Canada,  are  six  teeth  which  are  referable  to 
Heptranchias  howellii. 


Oregon 

Referred  Specimens : PSU  F-419,  first  lower  left  lateral  tooth; 

UCMP  57456,  fourth  lower  left  lateral  tooth  (Plate  2B). 

Formation  and  Age : Middle  member  of  the  Keasey  Formation  (Schenck, 

1927;  Warren  and  Norbisrath,  1946),  Lower  Refugian  (Upper  Eocene). 

Locality : UCMP  loc . V6730,  5'  above  base  of  a prominent  bluff, 

during  the  August  low  water  stage,  on  W side  of  Nehalem  River, 
immediately-  S of  the  Burn  Road  Bridge,  0.3  miles  S of  junction  of 
Oregon  State  Highways  47  and  202  at  Mist,  Oregon:  NE  1/4  NE  1/4 
SE  1/4  Sec.  23,  T5N,  R5W,  Birkenfield  Quadrangle  (15',  1955), 
Columbia  County,  Oregon. 

Referred  Specimen:  PSU  F-426,  lower  right  fifth  lateral  tooth 
(Plate  2A). 
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Formation  and  Age:  Nestucca  Formation  (Snavely  and  Vokes , 1949), 

lower  Narizian  (Bulimina  corrugata  zone  of  Mallory,  1959). 

Locality : 10'  above  beach  and  approximately  100'  below  a 400' 

thick  flow  of  basalt,  on  N shore  of  Salmon  River  at  Cascade  Head, 
1/4  mile  from  mouth  of  the  Salmon  River  and  the  Pacific  Ocean  and 
304'  N of  Teal  Creek,  in  NW  1/4  SE  1/4  Sec.  14,  T5S , R11W,  Hebo 
Quadrangle  (15',  1955),  Tillamook  County,  Oregon. 

Washington 

Referred  Specimen:  UW  60692,  anterior  half  (denticles,  primary 

cusp  and  sc-^,  SC2 ) of  a lower  right  lateral  tooth  with  mold  of 
SC^  “ sc^ . 

Formation  and  Age:  Lincoln  Creek  Formation,  Echinophor ia  dalli 

zone,  lower  Refugian. 

Locality : UW-B0268,  Canyon  River  Section,  traverse  up-section 

along  the  Canyon  River  from  the  north  in  Sec.  18,  T21N,  R6W, 
toward  the  south  to  Sec.  36,  T21N,  R6W,  Mt . Tebo  and  Grisdale 
Quadrangles,  (15',  1953),  Mason  and  Grays  Harbor  Counties,  Wash- 
ington; Loc.  CR-7,  glauconitic  silty  sandstone;  3'  thick  bed  with 
thanatocoenose  fauna,  in  glauconite  sand  6'  stratigraphically 
above  Loc.  UW-CR-6,  just  above  deep  pool  at  SE  corner  of  meander 
bend,  4700'  W,  800'  N of  SE  corner,  Sec.  18,  T21N,  R6W  (Personal 
communication,  J.  Armentrout,  1974). 

Vancouver  Is  land , Brit ish  Columbia 

Referred  Specimens : GSC  No.  21734  A and  GSC  No.  21734  B,  two 

lower  lateral  teeth. 

Formation  and  Age:  Jeletzky's  "Division  C"  of  Unit  2 of  the  Ter- 

tiary beds  of  the  Hesquiat  Peninsula,  Vancouver  Island  (Waldman, 
1971),  lower  Refugian  (Sigmomorphina  schencki  zone)  (Cameron, 
1971). 

Locality : "West  coast  of  Vancouver  Island,  British  Columbia, 

east  side  of  Hesquiat  Peninsula,  0.6  miles  (1  km)  south  of  Hesqui- 
at village,  20  yards  (18  m)  from  the  beach  below  high  water  mark 
(Waldman,  1971)." 


Measurements 

Specimen  Number 

Total  Height 

Total  Length 

PSU  F-419 

3.4  mm 

6.0+  mm 

PSU  F-426 

7 . 5+  mm 

1 5 . 4+  mm 

UCMP  57456 

9 . 9 mm 

17 . 0+  mm 

UW  60692 

9 . 1+  mm 

6 . 1+  mm 

GSC  21734A 

19.0  mm 

(Waldman,  1971) 

GSC  21734B 

“ 

25 . 0 mm 

(Waldman,  1971) 
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CHRONOSTRATIGRAPHIC  DISTRIBUTION  OF  HEPTRANCHIAS  HOWELLII 

H.  howe  1 li i is  a minor  but  characteristic  element,  of  the  Eocene 
deep  water  fish  faunas  from  western  Oregon  and  Washington  and 
southwestern  British  Columbia.  Its  chronostrat igraphic  distri- 
bution is  presently  restricted  to  strata  of  Narizian-Refugian  age 
(Fig.  2).  Heptranchias  howellii  first  appears  in  the  Bulimina 
cor ruga ta  zone  within  the  upper  part  of  the  middle  member  of  the 
Nestucca  Formation  (stratigraphic  division  based  upon  unpublished 
data,  personal  communication,  A.  D.Callendar,  1974)  and  its  latest 
occurrence  falls  within  the  S igmomorphina  schencki  zone  of  lower 
Refugian  age.  This  last  biostratigraphic  zone  is  represented  in 
stratigraphic  Division  "C"  of  Jeletzky  (1954)  at  Hesquiat  Penin- 
sula on  Vancouver  Island,  British  Columbia,  within  the  lower  Lin- 
coln Creek  Formation  of  southwestern  Washington  (personal  commu- 
nication, J.  M.  Armentrout,  1973)  and  perhaps  in  the  upper  middle 
member  of  the  Keasey  Formation,  Columbia  County,  Oregon  (Fig.  2). 

BIOGEOGRAPHY  AND  PALEOECOLOGY 

Upper  bathyal  to  lower  neritic  sediments  of  late  Eocene  age 
were  deposited  along  the  western  margin  of  a tectonically  active 
trench  in  western  Oregon,  Washington,  and  British  Columbia  (Sna- 
vely  and  Wagner,  1963).  Regional  subsidence  is  correlated  with 
the  subsequent  appearance  of  bathyal  and  neritic  molluscan,  for- 
aminiferal  and  selachian  faunas.  The  similarity  of  inferred  de- 
positional  environments  between  the  Nestucca,  Keasey,  Lincoln 
Creek  and  Vancouver  Island  sediments  (Jeletzky1 s Division  "C") 
and  suggested  chronostratigraphic  correlation  between  these 
formations  (Fig.  2)  supports  this  view. 

Heptranchias  howellii  appears  to  be  a geographically  limited 
and  narrowly  adapted  member  of  the  bathyal-neritic  fauna  in  the 
North  Pacific  Ocean. 

Heptranchias  perlo  occurs  today  in  waters  of  the  north  Atlan- 
tic, off  South  Africa,  Australia,  and  Japan.  It  is  generally  con- 
sidered to  be  a bottom  feeding  deep  water  shark  and  has  been  re- 
ported at  depths  of  380  to  460  meters  off  Portugal  and  from  deep 
water  off  Cuba  (Bigelow  and  Schroeder,  1948:  91). 

If  Heptranchias  is  indeed  a deep  water  genus  then  it  is  not 
surprising  that  it  should  appear  in  the  aforementioned  deposits. 
Moore  and  Vokes  (1953)  cited  both  faunal  and  lithologic  character- 
istics of  the  Keasey  Formation  as  indicative  of  a depth  of  depo- 
sition between  600  and  3,000  feet.  A specific  depth  of  365  m was 
proposed  for  the  Keasey  Formation  at  Mist,  Oregon  (UCMP  V6730)  by 
Zullo  e_t  al.  (1964) . Welton  (1973)  listed  a selachian  fauna  for 
the  Keasey  Formation  at  Mist,  Oregon  that  included  Notorhynchus , 
Isurus , Odontaspis , Centrophorus , Squatina , and  Pristiophorus . 

With  the  exception  of  Isurus , all  of  the  above  taxa  are  known,  on 
the  basis  of  extant  species,  to  inhabit  depths  equal  to  or  greater 
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Figure  2.  Correlation  chart  of  stratigraphic  units  discussed  in  text. 
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PLATE  2.  A.  Heptranchias  howellii , PSU  F-426,  Nestucca  Forma- 
tion, Tillamook  County,  Oregon;  scale  line  = 2 mm.  B.  Heptran- 
chias howellii , UCMP  57456,  Keasey  Formation,  Columbia  County, 
Oregon;  scale  line  = 2 mm. 
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than  365  m.  Arrnentrout  (personal  communication,  1973)  interpre- 
ted the  Lincoln  Creek  Formation  at  UW  locality  B-0268  as  deposit- 
ed in  middle  neritic  depths  of  30  to  100  fathoms  with  open  marine 
circulation.  The  Nestucca  Formation  of  Oregon,  at  Cascade  Head, 
may  have  been  deposited  in  waters  from  600  to  6,000  feet  in  depth. 
This  is  based  upon  molluscan  and  f oraminif eral  evidence  (personal 
communication,  A.  D.  Callendar,  1974).  Cameron  (1971)  interprets 
Jeletzky's  stratigraphic  Division  "C"  on  Hesquiat  Peninsula,  Van- 
couver Island,  British  Columbia,  as  a deep  water  deposit. 

LITERATURE  CITED 

Agassiz,  L. , 1843.  Recherches  sur  les  poissons  fossiles.  4°, 
NeuchStel  and  Soleure,  3:  1-390. 

Applegate,  S.  P.  , 1965a.  Tooth  terminology  and  variation  in 

sharks  with  special  reference  to  the  sand  shark  Carchar ias 
taurus  Rafinesque.  Los  Angeles  Co.  Mus . Contr.  Sci.  86:  1-18. 

, 1965b.  A confirmation  of  the  validity  of  Notorhynchus  pec- 

t inatus ; the  second  record  of  this  upper  Cretaceous  cowshark. 
Bull.  So.  Calif.  Acad.  Sci.  64  (3):  122-125. 

Applegate,  S.  P. , and  T.  Uyeno,  1968.  The  first  discovery  of  a 
fossil  tooth  belonging  to  the  shark  genus  Heptranchias  with 
a new  Prist iophorus  spine,  both  from  the  Oligocene  of  Japan. 
Bull.  Nat.  Sci.  Mus.  11  (1):  195-200,  1 pi. 

Arambourg,  C.,  1927.  Les  poissons  fossiles  d'Oran.  Mater.  Carte 
Geol.  Algerie,  (I)  Paleont.,  (6):  222-223. 

Arrnentrout,  J.  M. , 1973a.  Stratigraphic  relationships  of  the 

Nar izian-Refugian  boundary  in  Washington.  Geol.  Soc.  Amer. 
Abst.  with  Programs  5 (1):  4. 

, 1973b.  Molluscan  paleontology  and  biostratigraphy  of  the 

Lincoln  Creek  Formation,  Late  Eocene  - Oligocene,  southwest- 
ern Washington.  Unpublished  Ph.D.  Dissertation,  University 
of  Washington,  2:  479  pp. 

Bigelow,  H.  B. , and  W.  C.  Schroeder,  1948.  Fishes  of  the  western 
North  Atlantic.  Mem.  Sears  Found.  Mar.  Res.,  Pt.  1:  1-576. 
Cameron,  B.  E.  B. , 1971.  Tertiary  stratigraphy  and  microfaunas 

from  the  Hesquiat-Nootka  area,  west  coast  of  Vancouver  Island 
(92E).  Geol.  Surv.  Canada  Paper  71-1:  91-94. 

Campagno,  L.  J.  V.,  1970.  Systematics  of  the  genus  Hemitr iakis 

(Selachii:  Carcharhinidae) , and  related  genera.  Proc.  Calif. 
Acad.  Sci.  38  (4):  63-98. 

Cushman,  J.  A\ , and  R.  R.  Simonson,  1944.  Foraminifera  from  the 
Turney  Formation,  Fresno  County,  California.  Jour.  Paleon. 

18:  186-203,  pis.  30-34. 

Cuvier,  G.  , 1817.  Le  regne  animal  distribue  d'apres  son  organi- 
sation. 1st  ed . , Paris,  1:  540  pp. 

, 1829.  Le  regne  animal  distribue  d'apres  son  organisation. 

2nd  ed . , Paris,  5 vols. 

Carman,  S.,  1913.  The  Plagiostoma  (sharks,  skates,  and  rays). 


14. 


no.  li 


Mem.  Mus.  Comp.  Zool.  (Harvard)  36:  1-528. 

Hickman,  C.  S.,  1972.  Review  of  the  bathyal  gastropod  genus  Fhan- 
erolepida  (Homalopomatinae)  and  description  of  a new  species 
from  the  Oregon  Oligocene.  Veliger  15  (2):  107-112. 

Jeletzky,  J.  A.,  1954.  Tertiary  rocks  of  the  Hesquiat-Nootka  area 
west  coast  of  Vancouver  Island,  British  Columbia.  Geol.  Surv 
Canada  Paper  53  (17):  1-65. 

Jordan,  D.  S.,  1907.  The  fossil  fishes  of  California  with  supple- 
mentary notes  on  other  species  of  extinct  fishes.  Univ. 
Calif.  Pubis.  Geol.  5 (7):  95-144,  pis.  11-12. 

Kleinpell,  R.  M.  , 1938.  Miocene  stratigraphy  of  California. 

Tulsa,  Okla.:  Amer.  Assoc.  Petrol.  Geol.:  450  pp. , 22  pis. 
Leriche,  M. , 1908.  Observations  de  les  Squales  neogenes  de  la 
Californie.  Ann.  Soc . Geol.  Nord . 37:  302-306. 

Mallory,  V.  S.,  1959.  Lower  Tertiary  biostratigraphy  of  the 

California  coast  range.  Tulsa,  Okla.,  Amer.  Assoc.  Petrol. 
Geol. : 416  pp. 

Moore,  R.  C.,  and  H.  E.  Vokes,  1953.  Lower  Tertiary  crinoids  from 
northwestern  Oregon.  U.  S.  Geol.  Surv.  Prof.  Paper  233-E: 
113-147,  pis.  14-24. 

Pledge,  N.  S.,  1967.  Fossil  elasmobranch  teeth  of  South  Austral- 
ia and  their  stratigraphic  distribution.  Trans.  Roy.  Soc. 

So.  Aust.  91:  135-160. 

Rau,  W.  W. , 1966.  Stratigraphy  and  Foraminifera  of  the  Satsop 
River  Area,  Southern  Olympic  Peninsula,  Washington.  Wash. 
Div.  Mines  Geol.  Bull.  53:  66  pp. 

Reed,  M.  D.,  1946.  A new  species  of  fossil  shark  from  New  Jersey. 

Notulae  Naturae  Acad.  Nat.  Sci.  Philadelphia  172:  1-3. 
Schenck,  H.  G. , 1927.  Marine  Oligocene  of  Oregon.  Univ.  Calif. 

Publ.  Bull.  Dept.  Geol.  Sci.  16  (12):  449-460. 

Snavely,  P.  D.,  Jr.,  and  H.  E.  Vokes,  1949.  Geology  of  the  coast- 
al area  between  Cape  Kiwanda  and  Cape  Foulweather,  Oregon. 

U.  S.  Geol.  Surv.  Prelim.  Map  97,  Oil  and  Gas  Investigations 
Ser. 

Snavely,  P.  D.,  Jr.,  and  H.  C.  Wagner,  1963.  Tertiary  geologic 
history  of  western  Oregon  and  Washington.  Washington  Div. 
Mines  Geol.,  Report  of  Investigations  No.  22:  1-25. 

Waldman,  M. , 1971.  Hexanchid  and  orthacodontid  shark  teeth  from 
the  lower  Tertiary  of  Vancouver  Island,  British  Columbia. 
Canadian  Jour.  Earth  Sci.  8 (1):  166-170. 

Warren,  W.  C.,  and  H.  Norbisrath,  1946.  Stratigraphy  of  the  upper 
Nehalem  River  basin,  northwestern  Oregon.  Amer.  Assoc. 
Petrol.  Geol.  Bull.  30:  213-237. 

Welton,  B.  J.,  1972.  Fossil  sharks  in  Oregon.  The  Ore  Bin,  Ore- 
gon Dept.  Geol.  Mineral  Industries  34  (10):  161-170,  1 pi. 

, 1973.  Oligocene  selachians  from  the  Keasey  Formation  at 

Mist,  Oregon.  Geol.  Soc.  Amer.  Abst.  with  Programs  5 (1): 

121. 

Zullo,  V.,  R.  F.  Karr,  J.  W.  Durham,  and  E.  C.  Allison,  1964. 

The  echinoid  genus  Salenia  in  the  eastern  Pacific.  Paleont. 

7 (2):  331,  pi.  56. 


15. 


PaleoBios 


Contributions  from  the  University  of  California 
Museum  of  Paleontology,  Berkeley 


No.  18 


July  10,  1975 


PATHOLOGY  OF  TWO  FOSSIL 
SEA  COWS  (MAMMALIA:  SIRENIA) 

by 


Daryl  P.  Domning  and  Fredric  L.  Frye 


no.  18 


I’ATHOI.OGY  OF  TWO 
BY  DARYL 


FOSS TL  SEA  COWS  (MAMMALIA: 
P.  DOMNING 1 AND  FREDRIC  L. 


SIRENIA) 

FRYE2 


ABSTRACT 

Pathological  conditions  in  two  fossil  sirenian  skeletons  from 
California  include  imperfectly  healed  fractures,  osteomyelitis, 
and  ossifying  spondylosis  in  Metaxytherium  jordani  (Late  Miocene) , 
and  an  unidentified  condition  grossly  resembling  osteitis  defor- 
mans or  osteitis  fibrosa  in  Hydrodamalis  sp.  nov.  (Late  Pliocene) . 
This  is  the  first  natural  occurrence  of  osteomyelitis  noted  in  a 
sirenian . 


INTRODUCTION 

In  recent  years  numerous  specimens  of  fossil  sirenians,  includ- 
ing ancestors  of  the  recently  ( ca . 1768)  exterminated  Steller's 
sea  cow,  Hydrodamalis  gigas  (Zimmermann,  1780),  have  been  found 
in  the  North  Pacific  region  (Domning,  1975).  Among  these  ancestral 
forms  are  two  skeletons  from  California  showing  particularly  in- 
teresting and  extensive  pathological  conditions.  Both  are  depos- 
ited in  the  University  of  California  Museum  of  Paleontology, 
Berkeley  (UCMP) . 


Metaxytherium  jordani  KELLOGG,  1925 

An  old  adult  individual  (4.32  m long)  of  Metaxytheriwn  jordani 
(UCMP  77037),  from  the  Late  Miocene  (Clarendonian , Cierbo-Neroly , 
or  Mohnian-Delmontian  in  West  Coast  provincial  biostratigraphic 
chronologies;  Domning,  1975)  Santa  Margarita  Formation  of  Santa 
Cruz  County  (UCMP  locality  V6376) , shows  several  types  of  osteo- 
pathology . 

The  corresponding  zygapophyses  on  the  right  sides  of  thoracic 
vertebrae  7-8  and  the  left  sides  of  T10-11  are  vestigially  devel- 
oped. Caudal  vertebrae  at  the  base  of  the  flukes  (especially 
caudals  13-15)  show  ossifying  spondylosis  in  the  form  of  lipping 
of  the  centra,  probably  as  a result  of  frequent  flexion  at  this 
point  in  the  tail.  The  lips  do  not  cross  joints  but  are  recurved 
over  the  centra  bearing  them. 

The  same  individual  suffered  a series  of  fractures,  some  ex- 
hibiting evidence  of  osteomyelitisj  of  the  rostrum,  sternum,  and 
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ribs.  Most  of  these  exhibit  exuberant  callus  formation. 

The  base  of  the  rostrum  (Plate  1A)  was  completely  fractured 
through  the  premaxillae  and  maxillae  along  an  anteroventrad-slop- 
ing  plane  (suggesting  a blow  from  beneath) , and  had  partly  healed 
with  development  of  large  carious  exostoses  and  necrotic  sinuses 
on  the  premaxillae  and  an  irregular  hole  about  2.5  cm  in  diameter 
in  the  center  of  the  palatal  surface.  The  premaxillae  are  incom- 
pletely healed,  the  maxillae  not  at  all  healed;  the  rostrum  is 
deflected  slightly  to  the  left. 

A fracture  in  the  midsection  of  the  left  eleventh  rib  (Plate 
IB)  has  formed  some  callus  and  a pseudarthrosis  whose  surface 
passes  ventrolaterad ; wide  dorsad-directed  lips  have  formed  on 
the  medial  sides  of  both  portions.  Fractures  of  the  right  twelfth 
and  possibly  left  fifth  and  sixth  ribs  have  completely  healed, 
forming  smaller  amounts  of  callus. 

The  xiphisternum  is  transversely  fractured  about  6 cm  from  its 
junction  with  the  manubrium.  Its  dorsal  side  has  completely 
healed,  but  its  ventral  side  shows  severe  osteomyelitis  with  large 
open  necrotic  sinuses  extending  onto  the  ventral  and  even  dorsal 
sides  of  the  posterior  end  of  the  manubrium  (Plate  1C,  D) . The 
two  sternal  segments  are  not  fused,  possibly  as  a result  of  this 
infection.  The  sternum  is  bent  sharply  upward  at  the  site  of  the 
fracture,  the  anterior  and  posterior  parts  of  the  xiphisternum 
forming  a 235°  angle  on  the  dorsal  side  (Plate  ID) . 

Anatomical  apposition  in  most  of  these  fractures  appears  to 
have  been  adequate  for  normal  function.  Exceptions  are  the  stern- 
ebral  and  eleventh  rib  fractures,  which  in  the  former  case  healed 
with  marked  displacement,  and  in  the  latter,  healed  with  a well- 
developed  pseudarthrosis.  A non-union  involving  a weight-bearing 
long  bone  would  usually  create  some  degree  of  dysfunction,  whereas 
such  a lesion  affecting  a rib  or  sternebra  may  be  essentially  a- 
symptomatic  except  for  moderate  anatomical  distortion. 

These  injuries  may  have  been  caused  by  the  animal's  being  thrown 
against  rocks  by  surf.  Steller  (1899:198)  observed  of  Hydrodamalis 
yigas  that  sometimes  "they  get  caught  among  the  rocks  and  are 
dashed  by  the  waves  violently  upon  them".  As  the  Late  Miocene 
species  probably  depended  significantly  on  kelp  for  food  and  there- 
fore, like  Hydrodamalis , spent  considerable  time  feeding  near  rocky 
shores  (Domning,  1975),  this  would  not  have  been  an  unlikely  occur- 
rence. A large  wave,  lifting  the  animal  and  dropping  it  onto  jag- 
ged rocks,  could  have  caused  the  upward  displacement  of  the  snout 
and  sternal  fractures  and  the  inward  displacement  of  the  broken 
ends  of  the  ribs,  as  well  as  wounds  open  to  infection.  The  in- 
juries could  all  have  occurred  in  a single  accident,  or  in  similar 
accidents  at  different  times. 
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Plate  1.  Lesions  in  skeleton  of 
Metaxytherium  jordani  (UCMP  77037) . 

A.  Dorsolateral  view  of  rostrum, 
showing  exostoses  on  premaxillae. 

B.  Anterior  view  of  pseudarthrosis 
in  left  eleventh  rib,  parts  separ- 
ated. C & D.  Ventral  and  left  lat- 
eral views  of  sternum,  showing 
necrotic  sinuses  on  ventral  side 
and  sharp  bend  in  xiphisternum. 

In  C manubrium  and  xiphisternum 
are  slightly  separated.  Scales  in 
centimeters  and  inches. 
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Plate  2.  Lesions  in  skeleton  of  Hydrodamalis  sp.  nov.  (UCMP  86433). 

A.  Posterior  view  of  skull  lacking  basioccipital  and  right  exoccipital, 
showing  dorsoventral  thinness  and  pitting  on  dorsal  side  of  basisphen- 
oid  (bs) , and  atrophied  condition  of  pterygoid  processes  (pp)  (tips 
broken).  B.  Proximal  parts  of  ribs;  top  to  bottom:  posterior  views  of 

right  ribs  6,  8,  and  11,  and  anterior  view  of  left  posterior  rib;  show- 
ing pitting  and  thinning  of  proximal  ends  or  (on  left  rib)  entire  shaft. 
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Although  fractures  (of  unknown  cause)  have  been  reported  in 
manatees  and  dugongs  (Loth,  1940;  Korschelt,  1932;  Freund,  1904; 
Crane,  1881),  and  human-inflicted  wounds  caused  osteomyelitis  in 
a manatee  (Frye  and  Herald,  1969),  this  is  the  first  record  of 
naturally-occurring  osteomyelitis  in  a sirenian,  as  well  as  of 
ossifying  spondylosis  in  a form  other  than  fusion  of  vertebrae. 

The  latter  condition,  as  well  as  abnormalities  of  zygapophyses , 
has  already  been  noted  by  Reinhart  (1959)  in  a specimen  of 
Metaxytheriurr,  jordani  (his  Halianassa  vanderhoofi;  for  synonymy 
see  Domning,  1975).  The  latter  specimen,  UCMP  3794,  came  from 
the  same  area  and  stratigraphic  unit  as  UCMP  77037,  but  it  would 
be  unwarranted  to  conclude  from  the  available  sample  of  this  local 
population  (one  complete  and  three  partial  skeletons  and  many  iso- 
lated bones)  that  the  incidence  of  pathology  was  unusually  high, 
especially  in  view  of  the  lack  of  data  on  incidence  of  pathology 
in  Recent  sirenian  populations.  One  case  of  fusion  of  two  thor- 
acic vertebrae  and  of  the  dorsal  halves  of  the  corresponding  left 
ribs  has  been  noted  in  Hydrodamalis  gigas  (Pales,  1930:  pi.  27, 
fig.  2);  similar  conditions  probably  also  occur  in  Dugong  and 
Triohechus , but  no  records  have  come  to  our  attention. 

Hydrodamalis  sp.  nov. 

The  second  individual  is  an  immature  Hydrodamalis  (UCMP  86433) 
of  a new  species  which  will  be  described  by  Domning  in  the  near 
future;  this  specimen  is  from  the  Late  Pliocene  (Blancan;  Domning, 
1975)  Squire  Member  of  the  Pismo  Formation,  San  Luis  Obispo  County 
(UCMP  locality  V70148) . It  suffered  from  an  unidentified  disabl- 
ing affliction  of  bones,  joints,  and  muscles  of  the  jaw,  neck,  and 
back  regions.  Bone  resorption,  leaving  irregularly  pitted  surfaces, 
has  taken  place  on  the  dorsal  side  of  the  basisphenoid  (Plate  2A) , 
on  the  proximal  ends  of  right  ribs  4,  6,  8,  and  11  (the  interven- 
ing ribs  are  almost  or  entirely  unaffected;  the  corresponding  left 
ribs  are  not  preserved) , and  on  the  entire  lengths  of  several  pos- 
terior left  ribs  (Plate  2B) . Cervical  vertebrae  2 and  3 are  fused 
on  the  left  side;  the  right  side  of  C3  was  evidently  partly  re- 
sorbed. The  pterygoid  processes  and  basisphenoid  (Plate  2A)  and 
the  dorsolateral  border  of  the  exoccipital  show  subnormal  growth 
and  thickness,  suggesting  atrophy  of  the  attached  muscles  (ptery- 
goidei,  longus  capitis,  and  semispinalis  capitis,  respectively). 

The  rostrum  and  the  posterior  parts  of  the  mandibles  show  no  ab- 
normalities, but  the  anterior  ends  of  the  latter,  though  only 
partly  preserved,  seem  to  have  tapered  rather  abruptly  instead  of 
showing  the  expected  robust  development  of  the  symphyseal  region, 
suggesting  atrophy  possibly  attributable  to  the  weakness  of  the 
pterygoid  muscles. 

Although  the  lesions  grossly  resemble  those  of  osteitis  defor- 
mans or  osteitis  fibrosa,  these  could  not  be  distinguished  on  the 
basis  of  the  fossil  material.  Much  of  the  bone  microarchitecture 
is  well  preserved , but  a thin  section  of  compact  bone  from  one  of 
the  affected  posterior  left  ribs,  examined  under  plane  and  polar- 
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ized  light  microscopy,  revealed  apparently  normal  Haversian  sys- 
tems, lacunae,  and  irregular  cement  lines.  While  fusion  of  cer- 
vicals  2 and  3 sometimes  occurs  in  manatees  (Petit,  1928),  the 
other  symptoms  seen  here  have  not  been  reported  in  Recent  siren- 
ians;  thus  the  disease  remains  unidentified. 
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INTRODUCTION 

Paleoecology , the  study  of  the  relationships  between  fossil 
species  and  their  environments,  encompasses  the  events  occurring 
between  the  birth  and  death  of  individuals.  A goal  of  paleoec- 
ology is  to  derive  information  from  a fossil  assemblage  about  the 
biotic  communities  which  it  represents  and  how  these  communities 
change  through  time.  The  first  step  in  the  paleoecological  inter- 
pretation of  a fossil  assemblage  is  the  determination  of  whether 
the  assemblage  represents  a biocoenose  (life  assemblage)  or  a than- 
atocoenose  (death  assemblage).  If  the  latter,  the  community  or 
communities  represented  by  the  thanatocoenose  must  be  recognized. 

In  his  approach  to  the  problem  of  thanatocoenoses , Shotwell 
(1955)  assumed  that  vertebrates  most  often  died  and  were  buried  in 
or  near  their  preferred  habitats.  He  devised  a method,  based  on 
completeness  of  preservation  and  relative  density  of  species,  for 
separating  proximal  and  more  distant  communities  from  a fossil  as- 
semblage. Shotwell  later  applied  his  method  to  a variety  of  Plio- 
cene faunas  (1958,  1963). 

Shotwell's  methods  have  been  criticized  by  Wilson  (1960)  and 
Voorhies  (1969) . Some  of  these  criticisms  have  been  aimed  at  Shot- 
well's  idea  that  the  dominant  factor  affecting  completeness  of  pre- 
servation of  fossil  species  is  distance  of  transport  from  the  site 
of  origin.  He  failed  to  look  closely  at  other  events  occurring 
after  the  death  of  individuals.  These  events  fall  within  the 
realm  of  taphonomy. 

The  term  taphonomy  was  first  used  by  Efremov  (1940,  p.  85)  for 
"the  study  of  the  transition  (in  all  its  details)  of  animal  remains 
from  the  biosphere  to  the  lithosphere".  Events  within  this  trans- 
ition, some  of  which  have  been  summarized  and  discussed  by  Behrens- 
meyer  (1975),  include  cause  of  death,  decomposition  and  disarticu- 
lation, weathering,  transport,  hydrodynamic  sorting,  burial  and 
diagenesis.  All  these  factors  have  a bearing  on  the  differential 
preservation  of  organic  remains. 

Taphonomic,  as  well  as  geologic,  biologic  and  geochemical  evi- 
dence can  provide  a strong  basis  on  which  to  make  paleoecological 
interpretations.  Fossil  sites  should,  therefore,  be  collected 
with  the  purpose  of  gathering  taphonomic  histories,  as  well  as 
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specimens.  Among  vertebrate  workers,  there  has  been  little  exten- 
sive collection  and  utilization  of  taphonomic  data.  Exceptions  in- 
clude Voorhies  (1969)  and  Behrensmeyer  (1975)  who  drew  paleoeco- 
logical  conclusions  based  on  taphonomic  and  other  evidence.  In 
addition,  the  theoretical  and  experimental  work  of  these  authors 
provides  a greater  understanding  of  bones  as  sedimentary  particles. 

Although  these  and  other  vertebrate  workers  have  gathered  and 
utilized  varying  amounts  of  taphonomic  information  there  is,  at 
present,  no  comprehensive  source  of  data  or  references  for  tapho- 
nomic research.  It  is  the  purpose  of  this  paper  to  provide  check- 
lists for  obtaining  taphonomic  information  from  both  fossil  and 
Recent  vertebrate  specimens.  These  lists  contain  items  which  bear 
on  the  conditions  under  which  fossils  are  formed  and  accumulate. 

It  is  important  that  as  much  taphonomic  information  as  possible 
be  gathered  during  fieldwork  at  a fossil  site,  even  if  the  collec- 
tor is  not  directly  interested  in  its  application.  Some  of  this 
information,  once  lost,  cannot  be  recovered.  There  is  also  a need 
for  data  from  Recent  specimens.  Vertebrate  fossils  vary  in  state 
of  preservation  from  articulated  skeletons  to  isolated  fragments. 
Observation  of  Recent  skeletons  undergoing  taphonomic  processes 
shows  many  analogues  to  fossil  occurrences  and  provides  a basis 
for  their  interpretation. 

It  is  hoped  that  these  checklists  will  serve  as  a guide  to  the 
collection  of  such  data.  If  there  is  a common  basis  for  data  col- 
lection, this  should  help  to  accelerate  a more  general  understand- 
ing and  appreciation  of  taphonomy  in  vertebrate  paleontology.  The 
results  of  such  data  collection  can  later  be  compiled  to  serve  as 
a foundation  for  more  refined  taphonomic  studies.  Thought  should 
be  given  to  the  establishment  of  a central  location  for  the  storage 
of  such  data. 

The  selected,  annotated  bibliography  contains  references  chosen 
to  introduce  the  reader  to  literature  pertinent  to  taphonomic 
studies.  The  reader  is  also  referred  to  the  bibliographies  in  the 
papers  by  Voorhies  (1969),  Gradzinski  (1969)  and  Behrensmeyer  (1975). 

We  would  like  to  thank  A.  K.  Behrensmeyer,  J.  T.  Gregory,  and 
J.  Munthe  who  reviewed  this  paper  and  offered  many  useful  comments 
and  criticisms.  Special  thanks  are  due  to  A.  K.  Behrensmeyer  and 
D.  Gifford  for  their  contributions  to  the  field  data  sheets  in- 
cluded with  this  paper. 


TAPHONOMIC  CHECKLIST  FOR  RECENT  VERTEBRATES 


Locality 

1.  Date(s)  of  observation. 

2.  Map  reference  and  specific  loaclity  information. 

3.  Locality  photographs — with  scale,  directions,  clarifying 
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comments . 

4.  General  annual  climate — range  of  temperature,  humidity,  pre- 
cipitation . 

5.  Weather  at  time  of,  and  between,  observations. 

6.  Daily  exposure  of  specimen  to  sun. 

7.  General  topography. 

8.  Substrate — type,  moisture  content,  organic  content  and  its 
degree  of  decay,  angle  of  slope  upon  which  specimen  rests. 

9.  Degree  and  agent  of  burial  of  specimen. 

10.  Proximity  of  specimen  to  actual  or  potential  water  source — 
type  of  source,  vertical  and  horizontal  distance  to  specimen, 
relationship  of  specimen  to  high  water  marks. 

11.  Characteristics  of  water  source — general  dimensions,  relative 
current  velocity,  etc. 

12.  Probability  of  specimen  or  element  transport  by  water  source 
or  other  agent  within  a year. 

Biotic  Factors 

1.  Vegetation — type,  density,  proximity  to  specimen. 

2.  Predators  or  scavengers  sighted. 

3.  Parts  of  specimen  eaten  by  predators  or  scavengers. 

4.  Tracks,  scat,  feathers,  burrows,  etc.  in  proximity  of  speci- 
men. 

5.  Evidence  of  human  activity. 

6.  Maggots,  dermestids  or  other  insects  on  specimen. 

7.  Recent  fauna  of  area — major  components  including  domestic 
animals  and  humans. 

Specimen 

1.  Species  identification (s) . 

2.  Individual  age(s). 

3.  Photos  and  plot  of  specimen — with  directions,  scale,  clarify- 
ing comments. 

4.  Soft  parts  present,  including  skin,  ligaments. 

5.  Bloating. 

6.  Distortion  due  to  dehydration  or  mummification,  including  po- 
sition of  limbs  and  neck  relative  to  rest  of  specimen  (folded, 
extended,  etc.). 

7.  Degree  of  disarticulation. 

8.  Area  of  scatter. 

9.  Elements  missing,  including  teeth. 

10.  Surface  features  of  bones: 

-Tooth  checking  (cross-hatch  cracking  on  tooth  surface) 

-Tooth  splitting 

-Mechanical  breakage  or  crushing 
-Fractures 

-Bone  flaking  or  cracking 

-Bone  dissolution 

-Abrasion 

-Toothmarks 

-Rootmarks 

-General  state  of  weathering. 
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11.  Estimated  time  since  death. 

12.  Inferred  cause  of  death. 


DISCUSSION 

The  checklist  for  Recent  vertebrates  contains  the  range  of  in- 
formation useful  in  the  understanding  of  taphonomic  processes. 

Those  data  which  can  be  gathered  in  the  field  have  been  arranged 
on  easily-reproducible  field  data  sheets,  included  with  this  paper. 
It  is  realized  that  not  all  items  on  these  sheets  are  applicable 
to  all  specimens,  but  hopefully  the  data  sheets  are  flexible  enough 
to  be  of  use  in  most  situations  encountered  in  the  field. 

Major  questions  arise  during  consideration  of  the  origin  of 
fossil  accumulations:  What  effect  does  mode  and  place  of  death 

have  on  the  availability  of  skeletal  elements  for  fossilization? 

What  factors  operate  in  destruction  of  a carcass  after  death?  What 
determines  the  rate  and  extent  of  transport  and  burial  of  a speci- 
men after  death?  What  are  the  causes  of  destruction?  Recent  taph- 
onomic studies  can  help  provide  answers  to  these  questions.  It 
will  be  useful  to  consider  the  types  of  information  which  can  be 
gained  from  certain  of  the  items  on  the  checklist. 

The  environment  in  which  death  occurs  affects  the  preservation 
potential  of  a specimen.  A number  of  factors  operate  in  destruc- 
tion of  a specimen  after  death,  rate  and  degree  of  burial  and  trans- 
port, and  destruction  after  burial.  Climatic  conditions  affect  rate 
of  decay  or  drying  of  soft  parts  and  surface  deterioration  of  bone. 
Warm,  humid  conditions  favor  decay  and  bone  dissolution;  dry  con- 
ditions favor  mummification  and  cracking  or  splitting  of  bones  and 
teeth.  Climatic  conditions  may  also  affect  rate  and  degree  of  trans 
port.  Precipitation  contributes  to  downslope  movement  of  bones,  and 
flash  floods  or  sheetwash  may  transport  bones  great  distances  and  at 
great  rates. 

Topography,  as  it  relates  to  drainage,  establishes  possible 
routes  for  dispersal.  The  steepness  of  the  slope  upon  which  the 
specimen  rests,  and  the  erosion  potential  of  the  substrate,  will 
operate  in  the  dispersal  or  burial  of  a specimen.  The  moisture  con- 
tent of  the  substrate  will  affect  the  rate  of  decay.  Degree  of  mi- 
croorganismal  activity  may  be  indicated  by  the  degree  of  decay  of 
the  organic  content  of  the  soil.  Soil  moisture  and  ground  water 
activity  may  leach  organic  materials  from  bone,  facilitating  de- 
struction. Compaction  of  sediments  and  expansion  and  contraction 
of  soil  can  cause  distortion  or  breakage. 

If  not  buried  quickly  after  death,  a specimen  will,  in  most  cases 
be  rapidly  destroyed.  We  have  chosen  a year  as  the  time  interval  in 
which  the  chance  of  transport  outweighs  the  chance  of  destruction. 

If  transported  before  destruction,  there  is  a probability  that  a 
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skeleton,  or  parts  of  it,  will  be  preserved.  Dimension,  current 
velocity,  and  many  characteristics  of  a drainage  which  are  beyond 
the  scope  of  this  paper  will  contribute  to  degree  and  rate  of 
transport.  Proximity  of  the  specimen  to  a source  of  water  will  in- 
crease the  chances  of  transport.  If  death  occurs  in  an  aquatic  en- 
vironment, probability  of  preservation  and/or  transport  is  high. 

A number  of  biotic  factors  have  an  effect  on  destruction  and 
transport  of  skeletons.  Plants  stabilize  soil  against  erosion  and 
act  as  traps  for  both  bones  and  soil.  Such  activity  can,  therefore, 
inhibit  dispersal  and  contribute  to  burial  of  a specimen.  Acids 
released  by  plant  roots  can  etch  bones,  contributing  to  their  de- 
terioration. 

Predators  and  scavengers,  through  differential  consumption,  have 
a great  effect  on  which  portions  of  a skeleton  will  be  available 
for  preservation.  They  are  important  in  the  initial  dispersal  of  a 
skeleton  and  may  remove  elements  to  other  environments,  thus  affect- 
ing where  preservation  will  occur.  Toothmarks,  tracks  and  scat  pro- 
vide indirect  evidence  for  such  activity.  Small  scavengers,  such  as 
insects,  rodents  and  birds,  can  contribute  to  the  removal  of  small 
elements . 

Taxonomic  and  individual  age  determinations,  from  taphonomic 
study  of  Recent  specimens,  may  provide  a greater  understanding  of 
the  biases  seen  in  the  fossil  record.  Carcass  surveys  of  entire 
drainage  systems  may  be  most  important  here,  but  information  gained 
from  single  specimens  or  mass  death  situations  is  certainly  valuable. 

Characteristics  of  a specimen  itself  can  impart  much  information 
regarding  agents  of  destruction  and  potential  for  transport  and 
burial.  Degree  of  disarticulation  and  burial  and  area  of  scatter 
have  a bearing  on  which  elements  will  be  preserved  together.  A 
tally  of  elements  present  and  missing  may  provide  further  under- 
standing of  the  preservational  biases  in  the  fossil  record.  Sur- 
face deterioration  will  affect  completeness  of  preservation,  and 
abrasion  can  indicate  amount  of  transport  which  has  occurred. 

These  surface  features  can  tell  much  about  the  taphonomic  histories 
of  bones. 

Mummies,  elements  held  together  by  skin  or  ligaments,  or  car- 
casses bloated  by  gases  can  result  in  associated  elements  being 
transported  together  for  some  distance  and  probably  being  deposited 
together.  The  action  of  individual  bones  as  sedimentary  particles 
involves  the  size,  shape  and  density  of  the  bones.  These  have  been 
considered  by  Voorhies  (1969)  and  Behrensmeyer  (1975^.  The  orien- 
tation of  elements  is  important  if  transport  has  occurred. 

Mode  of  death  is  also  important  in  determining  the  availability 
of  specimens  for  preservation.  The  role  of  predators  and  scaven- 
gers in  this  regard  has  already  been  discussed.  Mass  death  situ- 
ations, through  drownings  or  other  means,  produce  an  abundance  of 
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carcasses.  If  there  is  a high  prey : scavenger  ratio,  the  probability 
of  preservation  for  at  least  some  of  these  carcasses  is  high.  Such 
assemblages  could  yield  valuable  information  and  should  be  studied 
taphonomically . 

Recent  taphonomic  studies  are  of  value  because  they  can  shed 
light  on  which  processes  are  likely  to  remove  which  skeletal  parts 
and  which  elements  are  likely  to  be  preserved  together.  Temporal 
control  on  observations  provides  information  on  the  rate  at  which 
these  processes  occur  in  various  environments.  Such  information  is 
essential  to  our  understanding  of  the  formation  of  the  fossil  record. 


TAPHONOMIC  CHECKLIST  FOR  FOSSIL  VERTEBRATES 


Locality 

1.  Date(s)  of  observation. 

2.  Specific  locality  information. 

3.  Air  photo  or  map  reference. 

4.  Locality  photographs — with  directions,  scale,  clarifying 
comments . 

5.  Collecting  conditions  affecting  access,  visibility. 

6.  Collecting  methods. 

7.  Collecting  biases. 

Geological  Observations 

1.  Stratigraphic  position. 

2.  General  topography. 

3.  General  geological  history  of  the  area. 

4.  Fossilif erous  strata--number  and  exposure  of  beds,  extent. 

5.  Lithology  of  fossiliferous  strata: 

-Composition 

-Color 
-Sorting 
-Grain  size 
-Rounding 
-Compac  t ion 

-Depth  of  weathered  surface. 

6.  Sedimentary  structures. 

7.  Current  directions. 

8.  Inferred  depositional  environment (s) . 

9.  Sedimentary  microstructure  around  bones. 

Fossil  Material 

1.  Type  of  locality — quarry,  surface  prospect,  cave,  etc. 

2.  Photos  and  plot  of  accumulation — with  directions,  scale, 
clarifying  comments. 

3.  Specimen  distribution — vertical,  horizontal,  relation  to 
lithologic  boundaries. 

4.  Plant  and  invertebrate  remains. 

5.  Assemblage  of  bones — concentration,  size  range,  proximity  of 
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bones  to  one  another. 

6.  Degree  of  disarticulation  and  tooth  loss. 

7.  Orientations  of  skulls,  proximal  ends  of  long  bones,  or 
articulated  skeletons. 

8.  Flexion  or  extension  of  body  parts  of  articulated  specimens. 

9.  List  of  elements  present. 

10.  Surface  features  of  bones,  pre-  cr  post-fossilization: 
-Cracks 

-Fractures 

-Crushing 

-Abrasion 

-Flaking 

-Color 

-Solution 

-Rootmarks 

-Tooth  splitting 

-Tooth  checking 

-Distortion 

-Toothmarks . 

11.  Number  and  proportions  of  taxa  represented. 

12.  Maximum  numbers  of  individuals. 

13.  Size  range  of  animals. 

14.  Individual  ages. 

15.  Possible  origin  for  bone  concentration. 


DISCUSSION 

The  checklist  for  fossil  vertebrates  incorporates  the  geological 
and  paleontological  data  allowing  reconstruction  of  communities 
from  thanatocoenoses . Those  data  which  can  be  collected  in  the 
field  have  been  arranged  on  field  data  sheets.  It  is  hoped  that 
these  data  sheets  are  flexible  enough  to  be  of  use  in  most  situa- 
tions encountered  in  the  field.  The  last  page  of  the  field  data 
sheet  may  be  utilized  for  a single  specimen,  many  specimens  of  a 
single  taxon,  or  for  several  taxa  where  remains  are  not  abundant. 
Replication  of  this  page  may  be  desirable. 

Except  in  unusual  conditions,  such  as  a volcanic  ash  fall,  fos- 
sil sites  do  not  usually  preserve  the  standing  population  of  a com- 
munity. Therefore,  an  analysis  of  the  fossil  taxa  present  is  alone 
insufficient  for  drawing  conclusions  about  the  communities  from 
which  the  animals  came.  One  must  attempt  to  discern  the  processes 
which  influenced  the  accumulation  and  preservation  of  a fossil  as- 
semblage. Most  of  the  items  on  the  checklist  pertain  to  the  trans- 
portation of  elements  to  the  depositional  environment  and  the  char- 
acteristics of.  the  depositional  environment.  Other  items  deal  with 
processes  affecting  the  specimens  before  transport. 

Location  of  the  fossil  site  should  be  given  in  as  much  detail 
as  possible  to  allow  return  to  the  site  for  additional  observation 
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or  collection.  Information  pertaining  to  collecting  methods  and 
biases  is  important  in  determination  of  the  degree  to  which  fos- 
sil material  is  representative  of  the  locality.  It  is  difficult 
to  discern  from  many  paleontological  publications  which  taxa  or 
elements  were  actively  sought. 

The  geological  context  of  fossil  accumulations  is  of  great  im- 
portance in  determining  the  formation  of  those  accumulations. 
Characteristics  of  the  fossil-bearing  sediments  may  indicate  en- 
vironment of  deposition  and  mode  and  distance  of  transport.  The 
microstructure  of  sediments  directly  surrounding  a specimen  may 
indicate  whether  the  specimen  itself  acted  as  a sedimentary  parti- 
cle and  whether  decay  of  soft  parts  was  completed  before  or  after 
burial . 

Careful  examination  of  the  specimens  themselves  can  yield  much 
useful  information.  Orientation  of  bones,  particularly  long  bones, 
can  indicate  current  directions,  as  can  orientation  of  plant  fos- 
sils and  certain  sedimentary  features.  Degree  of  articulation  and 
surface  features  of  bones  can  reveal  much  about  the  events  occur- 
ring between  death  and  fossilization . 

Much  useful  taphonomic  information  can  also  be  gathered  in  the 
laboratory.  Taxonomic  information  and  age  determinations  may  help 
to  determine  the  relationship  of  the  fossil  accumulation  to  the 
standing  population  and  point  to  preservational  biases.  These 
data,  as  well  as  the  size  range  and  relative  abundances  of  elements, 
can  provide  information  about  sorting  processes. 

Many  of  these  data  are  routinely  collected  during  collection  and 
study  of  fossil  accumulations.  However,  the  full  range  of  informa- 
tion presented  here  is  necessary  if  we  are  to  derive  more  accurate 
information  from  fossil  assemblages  about  the  biotic  communities 
which  they  represent. 
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Hill,  A.,  and  Walker,  A.,  1972.  Procedures  in  vertebrate  taphonomy 
notes  on  a Uganda  Miocene  fossil  locality.  Geol.  Soc.  London, 
J.,  128,  399-406. 


Outline  of  procedures  for  collecting  certain  types  of  taphonomic 
data,  including  orientation  and  size  distribution  of  bones.  Data 
applied  to  a Miocene  site  in  Uganda.  No  conclusions  offered. 

Isaac,  G.  L.,  1967.  Toward  the  interpretation  of  occupational  de- 
bris: Some  experiments  and  observations.  Kroeber  Anthropol. 

Soc.,  Pap.,  37.,  31-57. 
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Discussion  of  processes  involved  in  the  formation  of  the  archeo 
logical  record,  including  transportation.  Presentation  of  experi- 
ments done  on  orientation. 

Konizeski,  R.  I.,  1957.  Paleoecology  of  the  middle  Pliocene  Deer 
Lodge  local  fauna,  western  Nebraska.  Geol . Soc . Amer.,  Bull. 
68:2,  131-150. 

Paleoecological  interpretation  based  on  some  taphonomic  infor- 
mation. Information  gleaned  from  a relatively  small  number  of 
specimens  collected  from  a large  area.  Attempt  to  relate  fossil 
fauna  to  present  fauna  of  the  area. 

Kruuk,  H. , 1972.  The  spotted  hyena.  Chicago:  Univ.  Chicago 

Press,  480  pp. 

Effect  of  hyenas,  large  felids  and  canids  on  animal  carcasses, 
including  mode  of  death,  disarticulation  and  destruction,  scat- 
tering. 

Kurten,  B. , 1953.  On  the  variation  and  population  dynamics  of 
fossil  and  recent  mammal  populations.  Acta  Zool.  Fennica, 

76,  1-122. 

Application  of  life  tables  and  survivorship  curves  to  the 
fossil  record.  Discussion  of  seasonal  mass  deaths. 

Loomis,  F.  B. , 1910.  Osteology  and  affinities  of  the  genus 
Stenomylus . Amer.  J.  Sci.,  179 , 297-323. 


Treatment  of  a mass  death  situation.  Discussion  of  the  mode 
of  accumulation  and  paleoecology. 

Mech,  L.  D.,  1970.  The  wolf:  The  ecology  and  behavior  of  an  en- 
dangered species.  Garden  City,  N.  Y.:  Natural  History 

Press,  384  pp. 

Effect  of  wolves  on  large  mammal  carcasses,  including  mode  of 
death,  disarticulation  and  destruction,  dispersal. 

Mellet,  J.  S.,  1974.  Scatological  origin  of  microvertebrate  fos- 
sil accumulations.  Science,  185:4148,  349-350. 

Discussion  of  the  mode  of  accumulation  of  microvertebrate 
sites.  Brief  discussion  of  prey  preference  and  age  bias  as  ex- 
hibited in  these  accumulations. 

Payne,  J.  E.,  1965.  Summer  carrion  study  of  the  baby  pig  Sus 
scrofa.  Ecology,  46^:5,  592-602. 

Discussion  of  the  effects  of  insects  on  the  decomposition  of 
carcasses.  Contrasts  rate  of  decay  of  carcasses  exposed  to 
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arthropod  activity  with  the  rate  of  those  not  exposed. 

Reif,  W.  E.,  1971.  Zur  Genese  des  Muschelkalk-Keuper-Grenzbone- 
beds  in  Slldwestdeutschland . Neues  Jahrb.  Geol.  PalSontol., 
Abh.,  139:3,  369-404. 


Discussion  of  the  origin  of  the  bonebeds  at  the  Muschelkalk- 
Keuper  boundary  in  Germany.  Consideration  of  lithology,  compo- 
sition of  bonebed , orientation,  transport  and  preservation  of 
specimens . 

Schafer,  W. , 1972.  Ecology  and  paleoecology  of  marine  environments. 
Edinburgh:  Oliver  and  Boyd,  568  pp.  (Translated  from  German). 

Excellent  taphonomic  study  of  Recent  marine  vertebrates  and  in- 
vertebrates on  the  North  Sea  coast.  Discussion  of  mode  of  death, 
transport,  disarticulation  and  decomposition,  and  burial. 

Shotwell,  J.  A.,  1955.  An  approach  to  the  paleoecology  of  mammals. 
Ecology,  36_,  327-337. 

Proposal  of  a method  for  distinguishing  communities  represented 
by  thanatocoenoses , based  on  density  and  completeness  of  preserva- 
tion. 

Shotwell,  J.  A.,  1958.  Inter-community  relationships  in  Hemphil- 
lian  (mid-Pliocene)  mammals.  Ecology,  39^,  271-282. 

Further  discussion  of  the  method  outlined  in  1955,  application 
of  this  method  to  a variety  of  Hemphillian  sites. 

Shotwell,  J.  A.,  1963.  The  Juntura  Basin:  Studies  in  earth 

history  and  paleoecology.  Amer.  Phil.  Soc.,  Trans.,  53:1, 

1-77. 

Application  of  the  1955  method,  with  some  modifications,  to 
Pliocene  communities  of  eastern  Oregon.  Criticisms  of  this 
method  answered. 

Toots,  H.  , 1965.  Orientation  and  distribution  of  fossils  as  en- 
vironmental indicators.  Wyo.  Geol.  Assoc.,  Guidebk.,  19th 
Field  Conf.,  219-229. 

Discussion  of  factors  bearing  on  the  orientation  and  distri- 
bution of  fossils  and  the  paleoecological  implications  of  these. 

Toots,  H. , 1965.  Sequence  of  disarticulation  in  mammalian  skele- 
tons. Wyo.  Univ.,  Contrib.  Geol.,  4_:1,  37-39. 

Comparison  of  the  sequence  of  disarticulation  in  several  spe- 
cies. Brief  discussion  of  destruction  after  disarticulation. 
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Toots,  H.,  1965.  Random  orientation  of  fossils  and  its  significance. 
Wyo.  Univ.,  Contrib.  Geol.,  4^2,  59-62. 

Discussion  of  factors  causing  true  random  orientation. 

Van  Valen,  L.,  1964.  Relative  abundance  of  species  in  some  fossil 
mammal  faunas.  Amer.  Natur.,  9f3,  109-116. 

Method  for  estimating  relative  numbers  of  individuals  in  extinct 
communities  discussed.  Method  applied  to  several  local  faunas. 

Voorhies,  M.  R. , 1969.  Taphonomy  and  population  dynamics  of  an 
early  Pliocene  vertebrate  fauna,  Knox  County,  Nebraska. 

Wyo.  Univ.r  Contrib.  Geol.,  Spec.  Pap.,  1_,  69  pp. 

Paleoecological  interpretations  based  on  taphonomic,  biologic 
and  geologic  information.  Conclusions  made  about  origin  of  the 
deposit.  Flume  experiments  provide  information  about  sorting  of 
skeletal  elements  during  stream  transport.  Excellent  discussion 
of  Shot well. 

Wilson,  R.  W. , 1960.  Early  Miocene  rodents  and  insectivores  from 
north-eastern  Colorado.  Kansas,  Univ.,  Paleontol.  Contrib., 
Vertebrata,  _7,  1-92. 

Paleoecological  interpretation  of  Miocene  fauna  at  Martin  Canyon. 
Criticism  of  Shotwell. 

Wolff,  R.  G. , 1973.  Hydrodynamic  sorting  and  ecology  of  a Pleisto- 
cene mammalian  assemblage  from  California  (U.S.A.).  Palaeo- 
geogr.,  Palaeoclimatol . , Palaeoecol . , 1J3,  91-101. 

Conclusions  about  hydrodynamic  sorting  based  on  relative  abun- 
dance of  elements,  representation  of  taxa  and  sedimentologic  evi- 
dence. Paleoecological  interpretation. 

Wood,  A.  E.,  1952.  Toothmarks  on  bones  of  the  Orleton  fauna  masto- 
don. Ohio  J.  Sci.  , _52  : 1 , 27-28. 

Treatment  of  rodent  toothmarks  found  on  fossil  bone. 
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TAPHONOH1C  FIELD  DATA  SHEET  FOR  FOSSIL  VERTEBRATE  SPECIMENS 


Locality 


Name 

Date 


Air  photo  or  map  reference 

Type  of  fossil  locality: 

Quarry  Other 

Surface  prospect  

Washing  site  Single  specimen 

Cave  Many  specimens 

Collecting  conditions  affecting  access,  visability,  etc. 


Collecting  methods: 

Prospect  Other 

Quarry 

Sieve 

Possible  collecting  biases: 

Specimen  size 

Taxonoml c 

Completeness 

Equipment 

Number  of  collectors 

Training  of  collectors 

Estimated  X of  fossils  collected 

Other 


Stratigraphic  position: 

Formation 

Member 

Beds 


Age 

Topography 
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PHOTOGRAPHIC  RECORD  OR  SKETCH 
(Include  scale) 
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TAPHONOMIC  FIELD  DATA  SHEET  FOR  FOSSIL  VERTEBRATE  SPECIES 

Name 

Date 

Fossilif erous  strata: 

Number  of  beds 

Exposure  of  beds 


3. 


Thickness  and  variation 


Lateral  extent  and  variation 


Relation  to  barren  strata 


Lithology  of  f ossillferous  strata: 

Composition 

Color 

Sorting 

Grain  size 

Round ing 

Compac  t ion 

Depth  of  weathered  surface 

Other 

Sedimentary  structures: 

Cross  bedding 


Ripple  marks 


Mudc lasts 

Mudc racks 

CaCO^  nodules 
Tracks 


Burrows 

Rootcasts 

Other 
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Additional  geological  observations: 


4. 


Plant  and  invertebrate  remains,  preferred  orientations 


Current  directions 


Inferred  depositional  environment (s) 


Position  of  specimens: 

Vertical  distribution 


Horizontal  distribution 


Relation  to  lithologic  boundaries 


Sedimentary  microstructure  around  bones: 

Gaps 

Color 

Slumping 

Impressions 

Concret ions 

Adherence  of  matrix  to  bones 

Other 
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TAPHONOMIC  FIELD  DATA  SHEET  FOR  FOSSIL  VERTEBRATE  SPECIMENS 

Name 

Date 

Assemblage  of  bones: 

Concentrated Dispersed 

Size  range  of  bones 

Articulated  skeletons — orientations,  flexion  and  extension  of  body  parts 


5. 


Disarticulated  skeletons — area  of  scatter,  orientation  of  elements 


Unassociated  elements — concentration,  preferred  orientations  of  proximal  ends  of 
long  bones 


Proximity  of  bones  to  one  another 


Surface  features  of  bones  (check  left  If  post-fosslllzation) : 

Cracks 

Fractures 

Crushing 

Abrasion 

Flaking 

Color 

Solution 

Rootmarks 

Tooth  splitting 

Tooth  checking 

Distortion 

Toothmarks 

Other 
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Detailed  account  of  specimen(s): 

Taxon  (Indicate  left  if  more  than  one) 

Comments  (completeness,  orientation,  surface  features. 
Elements  //  Present  general  state  of  weatherinR,  etc.) 

Skull 


r 

Mandible  , 


Isolated 

teeth 


Cervicals 


Thoracic s 


Lumbar s 


Sacrum 


Caudals 


Sternabrae 


Ribs 


r 

Scapula  1 


r 

Humerus  . 


r 

Radius  , 


r 

Ulna 


r 

Innominate  , 


r 

Femur  , 


Tibia 


r 

Fibula 


Foot  bones 
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TAPHONOMIC  FIELD  DATA  SHEET  FOR  RECENT  VERTEBRATE  SPECIMENS 


Species 

Individual  age(s) 

Map  reference 

Specific  locality  information 


Specimen# 

Date 

Observer 


Weather 

General  topography 


Substrate : 

Type 

Moisture  content 

Organic  content 

Degree  of  decay 

Angle  of  slope 

Degree  and  agent  of  burial 


Proximity  of  specimen  to  actual  or  potential  water  source: 

In  water.  If  not:  River  or  stream  Dry  wash 

Horizontal  distance  Pond  or  lake  Sheet  wash 

Vertical  distance  Spring  _ . 

Other 

Relationship  to  high  water  mark ___ 

Characteristics  of  water  source: 

General  dimensions 

Relative  current  velocity 

Other  


Probability  of  specimen  or  element  transport  by  water  source  or  other  means  within  a year 


Daily  exposure  of  specimen  to  sun 


Vegetation-type,  density,  proximity  to  specimen 
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PHOTOGRAPHIC  RECORD  OR  SKETCH 
(Indicate  scale) 
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TAPHONOMIC  FIELD  DATA  SHEET  FOR  RECENT  VERTEBRATE  SPECIMENS 

Specimen  #_ 
Date 

Evidence  of  vertebrate  predators  or  scavengers: 

Sightings 


Tracks 

Scat 

Hair  or  feathers 

Toothmarks 

Soft  parts  eaten 


Insects  associated  with  specimen: 

Dermestids 

Maggots 

Other  fauna: 

Burrows 

Cattle  or  other  ungulates 

Human  activity 


Flies Other 

Ants 


Other 

State  of  specimen: 

Complete Disarticulated 

Mummified Bloated 

Distorted Odor 

Soft  parts  present 


Degree  of  disarticulation 


Area  of  scatter 

General  state  of  weathering  of  bones 


Estimated  time  since  death 
Inferred  cause  of  death 
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DETAILED  ACCOUNT  OF  SPECIMEN: 

Exposed  Comments  (completeness. 

Present  from  skin  breaks,  surface  features. 

Skull  

Mandible  r 

1 

Upper  dentition  r 

1 

Lower  dentition  r 

1 

Cervicals  

Thoracics  

Lumbara  

Sacrum  

Caudals  

Sternum 


Ribs  r 

1 

Scapula  r 

Humerus  r 

1 

Radius  r 

1 

Ulna  r 

1 

Manus  r 

1 

Innominate  r 

1 

Femur  r 

1 

Tibia  r 

1 

Fibula  r 

1 

Pes  r 

1 


Z original  bones  still  present 


etc. ) 
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A MANDIBLE  OF  BECKIA  (MAMMALIA:  MUSTEL I DAE) 

FROM  CONTRA  COSTA  COUNTY,  CALIFORNIA 

BY  STEPHEN  W.  EDWARDS1 


ABSTRACT 

A second  specimen  of  Beakia  Bryant,  from  the  Mio-Pliocene  un- 
differentiated Contra  Costa  Group  in  Contra  Costa  County,  Califor- 
nia, closely  resembles  the  type  of  Beakia  gvangerensis  Bryant. 

The  Kenda 1 1 -Ma 1 1 ory  local  fauna,  which  includes  the  specimen  of 
Beckia,  appears  to  be  slightly  older  than  the  Black  Hawk  Ranch 
local  fauna,  and  late  Clarendonian  in  age. 

INTRODUCTION 

The  mandible  described  here  (UCMP  112158)  is  from  the  Kendal  1- 
Mallory  locality  (UCMP  V6107),  which  is  exposed  by  a roadcut  in 
the  undifferentiated  Contra  Costa  Group  in  Bolinger  Canyon,  Contra 
Costa  County,  California.  The  lithology  of  the  locality,  which 
produced  most  of  the  Kendal  1 -Mai  lory  local  fauna,  is  a light  gray 
to  dark  olive-green  fluvial  siltstone  and  mudstone.  A prominent 
pebble-cobble  conglomerate,  interbedded  with  brown,  poorly  sorted 
sandstone,  rests  conformably  on  the  fine  clastic  beds,  fifteen 
feet  above  the  quarry. 

The  only  previously  reported  specimen  of  Beckia  is  the  holotype 
(LACM  10642)  from  Yakima  County,  Washington.  The  California  speci- 
men extends  our  knowledge  of  the  pa  1 eogeograph i c distribution  of 
this  genus,  as  well  as  of  the  tribe  Mellivorini,  fossil  remains 
of  which  are  extremely  rare  in  the  Nearctic. 

Abbreviations  used  in  this  paper  are:  LACM  - Los  Angeles  County 

Museum  of  Natural  History;  and  UCMP  - University  of  California 

^Department  of  Paleontology,  University  of  California,  Berkeley, 

Cal i fornia  94720. 
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SYSTEMATICS 

Order  CARNIVORA  Bowdich,  1821 
Family  MUSTEL I DAE  Swainson,  1835 
Subfamily  MELLIVORINAE  Gill,  1872 
Genus  Beckia  Bryant,  1968 

Type : Beckia  grangerensis  Bryant,  LACM  10642,  right  horizon- 

tal ramus  with  P.-M,  and  roots  of  C to  , Bryant,  L.  J.,  1968, 

Los  Angeles  County  Museum  Contributions  in  Science,  number  139, 
figs.  1-2. 

Type  Loca 1 ? ty : LACM  loc.  6431,  Granger  Clay  Pit,  Yakima  County, 

Washington;  Ellensburg  Formation. 

Beckia  cf.  B.  grangerensis 

Figure  1 

Material:  UCMP  112158,  UCMP  locality  V6 1 07 ; fragment  of  left 

horizontal  ramus  with  M^  (broken),  roots  of  P,^,  posterior  part 
of  alveolus  of  C;  fragment  of  right  horizontal  ramus  with  P^-Mj 
(both  broken) . 

Descr i pt i on : The  teeth  are  well  worn.  The  entoconid  region 

of  Mj  is  obscured  by  wear.  A small  entoconid  may  have  been  pres- 
ent, but  if  so  was  very  reduced  relative  to  the  large  hypocon i d . 

The  paraconid  is  longer  than  the  talonid.  There  is  no  metaconid. 
There  is  no  cingulum  surrounding  the  hypoconid  (as  in  the  holo- 
type)  , but  this  may  be  an  artifact  of  enamel  breakage  and  loss. 

P,  is  two-rooted,  and  shows  a small  posterior  cingulum  and  a very 
slight  posterior  accessory  cusp  between  the  cingulum  and  the  main 
cusp.  ^2-3  are  ^oth  two-rooted.  Pj  is  very  reduced,  and  single- 
rooted.  Tne  anterior  end  of  P,  is  oriented  labially,  and  labial- 
ly  overlaps  the  posterior  end  of  P^.  shows  the  same  orien- 

tation as  P,,  but  is  even  more  oblique.  The  anterior  root  of  P„ 
is  small,  and  the  very  reduced  single  root  of  P^  is  mesiolinguaT 
to  it.  The  canine  root,  based  on  alveolus  size,  was  substantial. 
The  symphysis  is  not  expanded.  There  are  two  mental  foramina, 
one  below  the  roots  of  P^ , the  other  below  the  posterior  root  of 
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Figure  1.  Beokia  of.  B.  grangerensis , UCMP  112158,  loc.  UCMP 
V6107.  A.  Left  horizontal  ramus  with  Mj , external  view.  B. 
fragment,  showing  P,  root  and  alveoli  for  _^>  occlusal  view. 
Fragment  of  right  horizontal  ramus,  with  P^"Mj , external  view. 


Same 

C. 
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D i scuss i on : UCMP  112158  resembles  the  holotype  of  Beckia  gran- 

gerensis  in  most  details.  Although  the  anterior  mental  foramen  is 
below  the  roots  of  ?2  in  UCMP  112158,  and  below  the  anterior  root 
of  P,  in  the  holotype,  even  this  character  is  remarkably  close  in 
the  two  individuals,  considering  how  variable  this  feature  tends 
to  be  in  other  mustelids  (Gulo  and  Tax-idea).  However  UCMP  112158 
is  not  definitely  assigned  to  B.  grangerensis,  because  wear  has 
made  development  of  the  M^  entoconid  region  uncertain;  and  because 
the  structure  of  the  anterior  premolar  crowns  is  unknown. 

Age  and  Correlation:  The  type  specimen  of  Beckia  grangerensis 

Bryant  is  from  LACM  loc.  6431,  in  "the  upper  or  Naches  Member  of 
the  Ellensburg  Format i on ...  above  the  Wenas  Basalt"  (Bryant,  1968, 
p.  3).  Bryant  (op.  cit.,  p.  3)  reports  Hipparion  ?anthonyi  from 
the  same  locality.  Several  well-worn  cheek  teeth  of  Nannippus  aff. 
tehonensis  were  found  at  UCMP  V 6367,  below  the  Wenas  Basalt.  This 
indicates  the  holotype  of  Beakia  may  be  of  late  Clarendonian  age. 
Hemphi Ilian  age  is  also  a possibility,  suggested  by  Hipparion 
?anthonyi , which  was  recorded  by  Merriam  et  at.  (1925,  p.  80 ) from 
the  Hemphi Ilian  Rattlesnake  beds. 

The  mandible  described  in  this  report  was  collected  at  UCMP 
V6107,  in  association  with  the  following  mammalian  taxa: 

Sc i ur i dae 

?Protospermophilus  sp. 

Can i dae 

Ae lurodon  aff.  hay  deni 
Osteoborus  cf.  diabtoensis 
Gomphother i i dae 

Gen.  et  sp.  indet. 

Equi dae 

Nannippus  cf.  tehonensis 
Merycoi dodont i dae 

Ustatochoerus  profectus 
Came  1 i dae 

Gen.  et  sp.  indet. 

UCMP  V 6 1 07  is  situated  about  three  miles  west  of  the  Black  Hawk 
Ranch  quarry  ('JCMP  V 3 3 1 0 ) . Both  localities  are  in  continental 
rocks  overlying  the  marine  "Neroly"  Formation  (sensu  Webb  and 
Woodburne,  1964,  p.  71)-  The  Black  Hawk  Ranch  quarry  lies  approx- 
imately 1,900  feet  st rat i graph i ca 1 1 y above  a local  Astrodapsis 
tumidus  zone  in  the  Neroly.  UCMP  V6 1 07  lies  approximately  1,800 
feet  above  an  Astrodapsis  tumidus  bed  in  the  Neroly  of  Las  Trampas 
Ridge  (flanking  Bolinger  Canyon).  Neither  Nannippus  cf.  tehonensis 
nor  Ustatochoerus  profectus,  both  recovered  at  V6107,  have  been 
found  in  the  Black  Hawk  Ranch  quarry.  However,  the  Black  Hawk 
Ranch  quarry  occurs  about  300  feet  upsection  from  a locality 
(UCMP  V5509)  which  has  produced  N.  cf.  tehonensis  teeth  virtually 
identical  to  those  from  V 6 1 0 7 in  Bolinger  Canyon.  Juvenile  Usta- 
tochoerus specimens  from  V3 3 1 0 appear  to  fall  within  the  size- 
range  of  U.  mag or , which  is  larger  than  U.  profectus,  and  later 
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in  age  in  the  Great  Plains.  The  Kenda 1 1 -Ma 1 lory  local  fauna  ap- 
pears to  be  slightly  older  than  the  Black  Hawk  Ranch  local  fauna. 


Nannippus  of.  iehonensis  teeth,  much  like  teeth  from  V6 1 07 , 
occur  near  the  middle  of  the  type  Grizzly  Peak  Formation  (UCMP 
V1001),  the  base  of  which  has  been  potassium/argon  dated  at  9.8- 
10.0  million  years  (Dr.  Garniss  H.  Curtis,  oral  commun.).  Usta- 
tochoerus  profeatus  has  been  found  in  the  lower  Ricardo  Formation. 
The  lower  Ricardo  (in  part)  has  been  dated  at  10.0  million  years 
(Evernden  et  at . , 1964,  KA  453).  On  the  basis  of  these  dates, 

UCMP  V6 1 07  would  be  considered  late  Clarendonian  in  the  sense  of 
Evernden  et  at.  (1974,  p.  164),  and  either  late  Clarendonian 
or  early  Hemphi Ilian  in  the  sense  of  Berggren  and  Van  Couvering 
(1974,  fig.  11).  This  would  clearly  be  older  than  the  Ellensburg 
Formation  locality  which  produced  the  Beckia  holotype,  if  Hippar- 
ion  ?anthonyi  from  that  locality  indicates  proximity  in  age  to 
the  Rattlesnake  fauna. 


MEASUREMENTS 


Pj  antero-poster ior  diameter 
Pjj  antero-posterior  diameter 
P^  transverse  diameter 
Mj  antero-posterior  diameter 
M.  transverse  diameter 
Pj-Mj  length 

Depth  of  mandible  below  mid  Mj 
Holotype  measurements  are  from 


UCMP 

112158 

LACM  10642  TYPE 

9.4 

(al veol i ) 

10.1 

12.7 

(al veol i ) 

12.9 

5.7 

6.34 

19-8 

19.4 

7.3 

8.3 

51.5 

- - 

23.3 

19.65 

Bryant 

, 1968,  p. 
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AN  INVESTIGATION  OF  INDIVIDUAL  GROWTH  AND  POSSIBLE  AGE  RELATION- 
SHIPS IN  A POPULATION  OF  PROTOTHACA  STAMINEA  (MOLLUSCA:  PELECYPODA) 

BY 

ANNALISA  BERTA1 
ABSTRACT 

Examination  of  various  quantitative  approaches  to  the  determin- 
ation of  molluscan  shell  growth  suggests  that  the  bivalve  shell  is 
potentially  valuable  as  a tool  for  the  chronological  recording  of 
environmental  events. 

The  present  study  employs  several  methods  for  the  determination 
of  molluscan  shell  growth  and  utilizes  such  data  to  compare  growth 
and  age  characteristics  for  a collected  population  sample  of  little 
neck  c 1 ams- -Pro tothaca  staminea.  The  validity  of  the  assumption, 
implicit  in  many  investigations,  that  the  major  growth  bands  de- 
limited on  the  exterior  shell  surface  as  concentric  rings  are  de- 
posited in  relation  to  an  annual  cycle  of  growth  is  seriously  ques- 
tioned. Results  of  the  investigation  suggest  that  until  the  annual 
nature  of  the  external  rings  is  demonstrated  through  release  and 
recovery  methods,  workers  attempting  to  use  these  rings  to  substan- 
tiate the  annual  periodicity  of  growth  cycles  may  be  misrepresent- 
ing the  data  and  consequently  under-  or  overestimating  the  ages  of 
the  populations. 


INTRODUCTION 

Approaches  to  the  interpretation  of  molluscan  growth  and  mortal- 
ity patterns  have  been  given  extensive  treatment  in  the  literature 
(for  example,  see  Barker,  1970;  Craig  and  Hal  lam,  1963;  Rhoads  and 
Pannella,  1970).  Most  studies  have  attempted  to  provide  methods  of 
age  determination  to  substantiate  relationships  between  rate  of 
growth  and  age  among  populations  of  various  molluscan  species. 

Fishery  investigators  have  long  been  concerned  with  age  determin 
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ation  in  molluscs.  Such  studies  have  been  designed  to  provide  growth 
and  mortality  data  necessary  to  the  economic  management  and  control 
of  populations.  In  the  last  twenty  years,  paleontologists  and  archae- 
ologists have  become  increasingly  interested  in  obtaining  such  data 
and  applying  it  to  ecological  interpretations  of  fossil  assemblages. 
Methods  of  molluscan  age  determination  proposed  to  date  and  discus- 
sed in  this  investigation  may  be  grouped  as  follows:  (1)  size-fre- 

quency and  age  analysis,  (2)  interpretation  of  growth  interruption 
lines  on  the  exterior  shell  surface  and  as  internal  microscopic  fea- 
tures, (3)  shell-weight  and  age  analysis. 

The  objective  of  this  study  is  to  test  the  validity  of  the  methods 
used  by  other  workers  to  determine  absolute  age  in  molluscs  through 
an  analysis  of  the  growth  and  age  characteristics  of  a population 
sample  of  little  neck  clams  (Protothaca  staminea,  Conrad,  1837).  Re- 
sults of  the  application  of  these  age  determination  methods  for  the 
collected  sample  are  then  compared  and  conclusions  are  drawn  regard- 
ing their  usefulness  in  paleontological  and  archaeological  contexts. 

POPULATION  SAMPLE 

Protothaca  staminea  is  most  commonly  known  as  the  little  neck 
clam  but  it  is  also  cited  in  the  literature  as  the  rock  cockle,  bay 
cockle,  heart  shell  clam,  steamer  clam,  ribbed  carpet  shell  and  rock 
venus . 

One  hundred  and  sixty  paired  valves  obtained  from  80  live  little 
neck  clams  collected  from  Discovery  Bay  on  the  Olympic  Peninsula 
comprise  the  population  sample  (Fig.  1).  The  sample  was  collected 
during  a low  tide  on  the  evening  of  October  11,  1973- 

The  shell  of  Protothaca  staminea  is  inflated,  oval  to  round  in 
shape  and  medium-sized,  reaching  66  mm  in  length.  The  external  sur- 
faces of  the  valves  have  numerous  crowded  radiating  striae  and  finer 
concentric  lines  most  distinct  on  the  anterior  side.  The  umboes  and 
lunules  are  prominent  and  are  near  the  anterior  end  of  the  shell. 

The  Discovery  Bay  specimens  are  white  in  color  with  geometric  pat- 
terns of  wavy  brown  lines  or  blotches. 

The  collected  specimens  of  Protothaca  staminea  are  inhabitants  of 
Ricketts'  and  Calvin's  (1968)  Rocky  Shores  Zone--Low  Tide  Horizon 
and  were  concentrated  in  coarse,  silty  sand  along  the  beach. 

METHODS  AND  MATERIALS 

Linear  measurements  were  recorded  for  each  of  the  160  valves  of 
the  Discovery  Bay  population  of  Protothaca  staminea.  Two  indices  of 
shell  length  were  measured  to  the  nearest  0.1  mm  using  dial  calipers. 
Length|  is  the  greatest  antero-poster ior  dimension  and  lengthy  is  the 
transverse  length  of  the  shell  measured  from  the  umbo  to  a point  on 
the  posterior  shell  edge.  These  shell  measurements  have  been  stand- 
ardized in  the  manner  shown  in  Fig.  2.  Each  valve  was  weighed  to  the 
nearest  0.1  g using  a triple  beam  balance. 
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Fig.  1 Location  map,  Discovery  Bay  population  of  Protothaaa 
staminea , Olympic  Peninsula,  Washington. 
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The  ages  of  20  individuals  selected  from  the  population  were  de- 
termined in  the  following  manner.  The  major  growth  rings  on  the 
shell  surface  of  Protothaca  staminea , defined  as  thin  concentric 
raised  rings  between  larger  depressed  growth  bands  were  counted  as 
annual  increments  based  on  Barker's  (1970)  documentation  of  annual 
growth  cycles  in  this  species  (Plate  1).  Next,  the  microscopic  in- 
crements within  the  shell  were  studied  by  means  of  thin  sections. 

The  shells  were  first  coated  with  polyester  resin  to  avoid  fracture 
during  sectioning.  The  plane  of  the  transverse  section  passed  from 
the  umbo  to  the  posterior  shell  edge  along  the  vector  of  maximum 
growth  (lengthy).  The  cut  shell  surface  was  then  polished  sequen- 
tially with  45  and  15  micron  diamond  laps.  The  polished  surface  was 
epoxied  to  a frosted  glass  slide  and  further  cut  and  polished  to  ob- 
tain a uniform  thickness  of  shell.  Subsequently,  the  thin  section 
was  examined  under  a light  microscope  at  magnifications  up  to  400x 
and  the  microscopic  growth  increments  were  counted. 

SIZE-FREQUENCY  ANALYSIS 

The  size-frequency  method  of  molluscan  age  determination  has  been 
much  used  in  fishery  investigations  (Fraser  and  Smith,  1928;  Quale, 
1943;  Weymouth  et  at.,  1925,  1931).  It  is  based  on  the  assumption 
that  the  ages  at  death  of  bivalves  will  be  clearly  reflected  in  the 
dimensions  of  the  dead  shells.  This  method  has  the  principal  advan- 
tage of  enabling  the  investigator  to  estimate  the  age  composition  of 
the  population  directly  from  the  measurement  of  shells  in  his  catch 
without  further  analysis.  There  are,  however,  several  difficulties 
in  this  method:  (1)  In  the  absence  of  other  information,  the  ages 

of  the  youngest  year  class  is  unknown,  (2)  the  complete  absence  of 
a year  class  or  its  poor  representation  in  the  population  may  lead 
to  error  in  the  estimated  ages,  (3)  overlap  in  the  size  ranges  of  in 
dividuals  at  various  ages  due  to  growth  in  differing  local  environ- 
mental conditions  may  lead  to  misrepresentation  of  the  age  structure 
of  the  population.  In  addition,  review  of  studies  using  this  method 
of  age  determination  reveals  inconsistencies  in  the  criteria  for  the 
linear  dimensions  measured. 

A size-frequency  histogram  was  constructed  for  the  Discovery  Bay 
population  using  measurements  obtained  from  the  left  valves  of  the 
specimens.  Size  is  here  defined  as  length..  A size-frequency  plot 
of  the  sample  tends  to  exhibit  a slightly  left-skewed  distribution, 
the  dispersion  being  greater  among  the  smaller-sized  individuals 
(Fig.  3).  In  order  to  deduce  more  from  the  histogram,  further  infor 
mation  is  required  on  the  growth  of  little  neck  clams. 

In  a size-frequency  analysis  by  Quale  (1943),  who  followed  the 
growth  of  marked  specimens  of  P.  staminea,  individuals  of  the  same 
year  class  were  found  to  vary  between  1 and  10  mm  at  the  end  of  thei 
first  winter.  In  the  following  summer  the  range  of  variation  was 
found  to  be  even  greater  because  of  the  differential  growth  rates  of 
the  specimens.  According  to  Quale,  the  growth  of  P.  staminea.  is  rel 
atively  slow;  at  the  end  of  their  second  year,  when  about  half  the 
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animals  spawn,  the  average  length  is  only  25  mm  and  when  the  balance 
spawn  a year  later  the  size  increases  to  only  35  mm. 


ItNGTH  ^ MM 


Fig.  3 Size-frequency  histogram  of  left  valves  of  Protothaca 
staminea. 


Fraser  and  Smith  (1928)  made  extensive  population  studies  of  live 
Protothaca  staminea  from  the  beaches  of  Vancouver  Island,  British 
Columbia.  They  found  that  populations  of  P.  staminea  which  are  pro- 
tected from  currents  and  waves  tended  to  include  a relatively  large 
crop  of  juvenile  and  young  adult  individuals.  In  more  exposed  local- 
ities the  population  contained  relatively  fewer  young  individuals 
whose  growth  was  slow  in  their  earlier  years  but  who  grew  more  rapid- 
ly in  their  later  years.  Fraser  and  Smith  further  suggest  that  such 
exposed  places  may  have  a greater  food  supply  but  that  the  young  have 
trouble  establishing  themselves  because  of  the  vigorous  wave  and  cur- 
rent action.  With  growth,  the  larger  clams  are  able  to  migrate  to 
places  with  better  food  supplies.  A similar  reason  may  explain  the 
poor  representation  of  the  smaller-sized  individuals  in  the  Discov- 
ery Bay  population  and  the  predominance  of  larger  individuals. 

If  size  were  related  to  age  by  a linear  function,  one  could  con- 
struct a survivorship  curve  for  the  Discovery  Bay  population  from  a 
size-frequency  diagram  by  using  size  classes  as  age  classes.  How- 
ever, the  studies  of  many  investigators  (Mason,  1957;  Orton,  1926; 
Weymouth  and  McMillan,  1931)  indicate  that  growth  in  bivalve  mol- 
luscs in  terms  of  shell  length  is  not  linear  but  close  to  logarith- 
mic and  often  reflects  a decrease  in  rate  of  growth  of  shell  length 
with  an  increase  in  age.  If  one  considers  that  the  shape  of  a size- 
frequency  curve  is  affected  by  the  differential  rates  of  growth  of 
individuals  it  is  conceivable  that  using  size  classes  as  age  classes 
might  result  in  the  lumping  of  older  individuals  with  younger  indi- 
viduals since  there  is  no  a priori  way  of  recognizing  the  discreet- 
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ness  of  the  classes.  It  is  suggested  then  that  size-frequency  in 
the  absence  of  information  linking  rate  of  growth  and  size  with 
age  adds  little  to  an  analysis  of  population  structure. 

EXTERNAL  GROWTH  RING  ANALYSIS 

A more  common  approach  to  molluscan  age  determination  involves 
the  use  of  growth  interruption  lines,  commonly  termed  "rings"  on  the 
exterior  shell  surface.  These  are  generally  interpreted  as  annual 
increments  of  shell  growth.  The  "annual  ring"  method  of  age  deter- 
mination for  molluscs  was  first  examined  by  Weymouth  et  at.  (1925) 
for  Siliqua  patula  and  Fraser  and  Smith  (1928)  for  Paphia  (=  Proto- 
thaca)  staminea  and  Saxidomus  giganteus . The  most  comprehensive 
study  yet  undertaken  (Barker,  1970)  examines  in  detail  the  morpho- 
logy of  annual  and  sub-annual  growth  lines  in  shells  of  different 
specieS  and  the  manner  in  which  these  features  originate  during  shell 
growth,  relating  the  processes  of  growth  to  the  environment  of  the 
species.  In  recent  years,  studies  by  various  paleontologists  (Berry 
and  Barker,  1968;  Craig  and  Hallam,  1963;  Pannella  et  at.,  1968; 
Rhoads  and  Pannella,  1970)  have  attempted  to  examine  recent  shell 
growth  and  to  suggest  the  interpretation  of  growth  lines  in  fossil 
shells.  The  data  has  been  used  to  estimate  population  growth,  mor- 
tality patterns  and  to  estimate  the  length  of  the  month  and  year  in 
the  geologic  past.  The  "annual  ring"  method  of  molluscan  age  de- 
termination has  been  suggested  by  archaeologists  (Coutts,  1970; 

Coutts  and  Higham,  1971;  Weide,  1969)  for  solving  problems  involving 
the  chronolog i ca 1 dating  of  occupation  sites. 

A description  of  the  process  of  shell  growth  and  the  formation  of 
the  interruption  lines  on  the  exterior  shell  surface  is  important 
to  an  evaluation  of  this  method.  One  of  the  earliest  attempts  to 
describe  shell  growth  was  undertaken  by  Weymouth  (1923)  and  substan- 
tiated by  later  workers,  notably  Barker  (1970),  Clark  (197*0,  and 
Kennish  and  Olsson  (1975)-  The  molluscan  shell  grows  by  addition 
to  its  margin  and  inner  surface.  An  expanded  position  of  the  mantle 
is  most  favorable  to  shell  secretion,  but  physiological  and  environ- 
mental changes  alter  the  rate  of  secretion  and  cause  the  mantle  of 
the  shell  to  retract.  Shell  growth  at  the  margin  of  the  valve  is 
discontinuous,  being  interrupted  by  each  complete  closing  of  the 
shell.  The  reextended  mantle  reaches  its  previous  position  quite 
accurately  but  there  is  always  some  slight  variation  of  extension 
leading  to  differences,  according  to  Weymouth  ( 1 923 : ^tO)  in  the  form 
of  "visible  lines  on  the  outer  shell  surface." 

The  temporal  rhythmicity  of  growth  lines  on  shells  has  been  much 
discussed  and  debated  in  the  literature.  The  "annual  ring"  method 
described  by  Weymouth  (1923)  is  based  on  the  principle  that  yearly 
rings  are  formed  as  the  result  of  the  alternations  of  rapid  and  slow 
rates  of  growth,  which  are  dependent  on  environmental  events,  for 
example,  seasonal  change.  More  recent  studies  (Barker,  1970;  Pan- 
nella and  MacClintock,  1968;  Rhoads  and  Pannella,  1970)  have  revealed 
that  these  annual  cycles  of  growth  seem  to  be  controlled  primarily  by 
temperature  and  therefore  reflect  this  environmental  factor. 
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There  is,  however,  disagreement  as  to  the  means  of  differentiating 
between  rings  which  indicate  temporal  rhythmicity  and  "disturbance 
rings"  which  are  caused  by  a number  of  physiological  and  environmental 
events,  including  reproduction  and  changes  in  salinity.  As  a method 
of  distinguishing  annual  rings  from  disturbance  rings,  Craig  and  Hal- 
lam  (1963)  suggest  that  every  ring  in  the  population  samble  be  record- 
ed and  the  most  significant  ring  sizes  selected.  Ideally,  this  class- 
frequency  plot  of  ring  sizes  should  reflect  major  environmental  events 
recorded  by  all  members  of  the  population.  Inseparable  from  this 
problem  is  the  initial  difficulty  encountered  in  estimating  age  class- 
es directly  from  size  classes.  Shells  which  shown  an  overlap  in  the 
size  ranges  of  individuals  of  different  ages  would  be  expected  to  re- 
flect considerable  variation  in  the  number  of  external  rings.  The 
investigator  who  attempts  to  utilize  a class-frequency  plot  to  dis- 
tinguish between  annual  rings  and  disturbance  rings  must  take  into 
account  initial  variability  in  the  size  of  individuals  as  well  as  the 
relationship  between  size  and  number  of  external  rings. 

Most  investigators,  however,  work  from  the  assumption  that  the  ma- 
jor growth  bands,  delimited  on  the  exterior  shell  surface  as  concen- 
tric rings,  are  deposited  in  relation  to  an  annual  cycle  of  growth. 

For  purposes  of  this  study  it  was  assumed  that  the  major  growth  lines 
on  the  shell  surface  of  Pvotothaca  staminea  were  annual  increments 
following  the  work  of  Barker  (1970)  on  shell  growth  in  this  species. 

The  "annual  ring"  method  of  age  determination  for  the  Discovery 
Bay  population  was  evaluated  by  plotting  the  number  of  concentric 
rings  on  the  shell  surface  against  specimen  lengthy  and  lengtl^ 

(Fig.  b) . Fig.  5 shows  standard  deviations  and  the  means  of  lengthy 
of  the  specimens  at  each  year  of  growth.  An  overlap  is  evident  in 
the  size  ranges  of  individuals  from  one  year  class  to  the  next--a 
factor  previously  discussed  as  a potential  source  of  error  in  esti- 
mating the  age  composition  of  a population  directly  from  size  measure- 
ments. A plot  of  specimen  length,  against  lengthy  suggests  a linear 
allometric  growth  relationship  indicated  by  the  tendency  of  the  points 
to  lie  along  a straight  line  which  passes  through  the  origin  (Fig.  6). 
The  correlations  between  the  shell  measurements  are  reported  in  terms 
of  the  product  moment  correlation  coeff icient-r  (Sokal  and  Rohlf,  1969) - 
The  high  degree  of  correlation  between  lengthy  and  lengtl^  (r  = 

O. 9681)  suggests  that  either  dimension  might  be  used  to  determine  the 
age-length  relationship.  Of  the  two  dimensions,  however,  lengthy  is 
more  closely  correlated  (r  = 0.8528)  with  the  age  of  the  population 
as  determined  from  growth  ring  analysis. 

Assuming  that  the  major  growth  rings  on  the  exterior  shell  of 

P.  staminea  are  annual,  an  age-frequency  histogram  was  constructed 
for  the  Discovery  Bay  population  using  data  derived  from  the  left 
valves  of  the  specimens  (Fig.  7).  The  histogram  is  polymodal,  the 
first  cluster  reflecting  the  six  year  through  eight  year  class. 

Smaller  clusters  represent  the  ten  and  twelve  year  old  individuals 
in  each  year  class.  Growth  ring  analysis  suggests,  then,  that  the 
Discovery  Bay  population  ranges  in  age  from  four  through  thirteen 
years,  the  largest  number  of  specimens  representing  individuals 
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EXT.  RINGS 


Fig.  4 Scatter  diagram  of  shell  lengthy  (circles)  and  length,  (tri- 
angles) in  mm  plotted  against  number  of  external  rings  and  fitted  by 
regression  (length,:  y = 37-567  + 1.843;  r = 0.8146)  (length,:  y = 
33-027  + 1-778;  r = 0.8528)  in  Protothaaa  staminea.  n = 80. 

within  the  seven  and  eight  year  old  classes. 

Another  aspect  of  population  analysis  involves  the  use  of  surviv- 
orship curves,  a graphic  expression  of  mortality  rates  in  organisms 
(Deevey,  19^7)-  The  slope  of  the  survivorship  curve  is  proportional 
to  the  mortality  rate  and  the  change  in  slope  along  the  length  of 
the  curve  can  be  used  to  distinguish  mortality  patterns. 

An  attempt  has  been  made  to  construct  survivorship  curves  for  the 
Discovery  Bay  population  by  determining  the  number  of  survivorships 
at  each  year  class,  using  the  number  of  growth  rings  on  the  exterior 
surface  of  the  shell  (Fig.  8;  Table  1).  The  pattern  of  mortality  for 
Protothaaa  staminea  produces  a concave  curve,  demonstrating  a low 
mortality  rate  during  the  juvenile  phase,  increasing  to  a high  value 
during  youth  and  continuing  to  rise  during  the  senescent  phase  of 
life  history.  The  significance  of  this  interpretation,  however, 
clearly  rests  upon  the  validity  of  age  determination  through  growth 
ring  analysis.  Precautions  are  necessary  in  the  application  of  this 
method.  As  previously  mentioned,  many  observers  have  assumed  that 
in  the  various  bivalve  species  one  interruption  line  is  added  per 
year.  It  is  necessary,  however,  to  validate  this  assumption  by 
supplementary  observations  of  a given  species  in  a particular  en- 
vironment before  the  interruption  lines  can  be  equated  with  annual 
r i ngs . 
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Fig.  5 Distribution  of  standard  deviations  of  mean  shell  length,  of 
Discovery  Bay  population.  Vertical  lines  indicate  one  standard  devi" 
ation  on  either  side  of  the  mean  represented  by  solid  circles. 
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Fig.  6 Scatter  diagram  of  shell  length  in  mm  plotted  against  shell 
in  mm  and  fitted  by  regression  (y  = .584  + .892;  r = 0.9681) 

cthaaa  staminea.  n = 80. 
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AGE  IN  YEARS  (EXT.  RINGS) 


Fig.  7 Age  frequency  histogram  of  left  valves  of  Protothaca  staminea. 


AGE  IN  TEARS  (EXT.  RINGS) 


Fig.  8 Survivorship  and  mortality  curves  for  Protothaca  staminea 
based  on  data  in  Table  1. 
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Tab  1 e 1 . 

Life  Table 
analys  i s 

for  Protothaoa  staminea 

based  on  growth  rings 

Age 

No.  dying 

No.  surviving 

Mortal i ty  rate  as 

1 nter- 

during  age 

at  beginning  of 

fraction  of  no.  sur- 

va  1 

(years) 

i nterva 1 

age  interval 

viving  at  beginning 
of  age  interval 

3‘** 

0 

80 

0 

4-5 

1 

79 

.0125 

5-6 

2 

77 

.0253 

6-7 

13 

64 

.1688 

7-8 

20 

44 

.2815 

8-9 

19 

25 

.3863 

vx> 

1 

O 

7 

18 

.280 

10-11 

1 1 

7 

.61 1 1 

11-12 

2 

5 

.2857 

12-13 

4 

1 

.800 

13-1** 

1 

0 

1 .00 

MICROSCOPIC  GROWTH  INCREMENT  ANALYSIS 

The  concentric  rings  on  the  exterior  shell  surface  of  Protothaca 
staminea  when  viewed  in  thin  section  reveal  microgrowth  patterns  of 
finer  increments.  These  microscopic  growth  increments  have  been  used 
as  a supplementary  method  of  molluscan  age  determination.  The  yearly, 
monthly,  fortnightly,  and  daily  periodicity  of  these  increments  has 
been  experimentally  demonstrated  for  various  molluscan  species  (Bar- 
ker, 1970;  Clark,  1968;  Farrow,  1971;  Hall  et  at.  , 197**;  House  and 
Farrow,  1968;  K.ennish  and  Olsson,  1975;  Pannella  and  MacClintock, 

1968;  Rhoads  and  Pannella,  1970).  The  potential  usefulness  of  this 
method  in  both  paleontological  and  archaeological  contexts  is  readily 
apparent,  where  part  of  the  shell  surface  is  frequently  abraded  or 
missing  so  as  to  obscure  the  external  growth  rings. 

The  shell  structure  terminology  used  in  this  microscopic  analysis 
is  adapted  from  Barker  (1970)  and  Pannella  and  MacClintock  (1968). 

The  two  major  kinds  of  shell  stratification  within  mollusc  shells  are 
shell  layers  and  growth  layers.  The  typical  bivalve  shell  is  compos- 
ed of  four  principal  calcareous  shell  layers  and  a thin  covering  of 
per iostracum.  The  endostracum  is  the  innermost  calcareous  layer  se- 
creted by  the  mantle.  Deposits  of  the  pallial  line  and  adductor 
muscles  comprise  a second  principal  layer  termed  the  myostracum.  The 
two  outermost  calcareous  layers  together  form  the  pal  1 iostracum  se- 
creted by  the  outer  mantle  fold.  The  innermost  component  of  the 
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pal  1 iostracum  is  secreted  just  outside  the  pallial  line  and  is  termed 
the  mesectostracum.  The  outermost  component  is  secreted  by  a more 
distal  part  of  the  mantle  and  is  termed  the  ectostracum.  A growth 
layer  is  here  defined  as  one  thickness  of  shell  material  deposited  in 
a certain  period  of  time  under  certain  phys iochemi ca 1 conditions. 

The  microscopic  resolution  of  these  growth  layers  is  influenced  by 
the  crystalline  elements  of  the  shell  structure.  Barker  (196*0  > in 
his  microscopic  analysis  of  the  structural  composition  of  pelecypod 
shells,  reported  a hierarchy  of  five  cyclical  groupings  of  growth 
layers.  He  demonstrated  that  these  layers  reflect  environmental  per- 
iodicities of  annua)  and  sub-annual  duration. 

In  this  study,  the  first  order  layer,  characterized  by  a thicken- 
ing and  thinning  of  calcium  carbonate  and  conchiolin,  expressed  in 
the  mesectostracum  and  endostracum  portion  of  the  shell  of  Protothaca 
staminea  by  alternation  of  light  and  dark  bands,  is  assumed  to  be 
related  to  an  annual  cycle  of  deposition  and  was  selected  for  further 
examination.  Microscopic  observation  of  specimens  of  P.  staminea 
reveal  that  the  concentric  rings  on  the  exterior  shell  surface  rest 
upon  translucent,  dark  bands,  approximately  O.b  mm  in  thickness.  The 
larger  depressed  growth  surfaces  between  the  rings  are  internally  de- 
fined as  opaque,  bright  bands  approximately  0.2  mm  in  thickness 
(Plate  2).  Barker  (1970)  has  demonstrated  that  for  P.  staminea  and 
other  bivalve  species  large  growth  increments  (fast  growth  layers) 
form  during  the  summer  and  narrow  increments  (slow  growth  layers) 
form  during  the  winter. 

The  interpretation  of  microscopic  growth  increments  as  a method 
of  age  determination  for  the  Discovery  Bay  population  was  evaluated 
in  a size-frequency  plot  of  the  number  of  microscopic  increments  a- 
gainst  specimen  length  and  lengthy  (Fig.  9).  Length  is  most  close- 
ly correlated  (r  = 0.702b)  with  the  age  of  the  population  as  deter- 
mined from  microscopic  growth  increment  analysis.  Standard  devia- 
tions about  the  mean  lengthy  of  the  specimens  at  each  year  of  growth 
(Fig.  10)  suggest  considerable  overlap  in  the  size  ranges  of  the  in- 
dividuals from  one  class  to  another.  No  correlation  was  found  be- 
tween external  growth  rings  and  microscopic  growth  increments  (Fig. 
II).  The  results  are  not  surprising,  however,  if  one  considers  the 
lack  of  criteria  for  distinguishing  annual  growth  rings  from  dis- 
turbance rings. 

However,  some  progress  toward  resolution  of  this  problem  has  re- 
cently been  made.  The  work  of  Kennish  and  Olsson  (1975)  on  shell 
growth  in  Mercenavia  mevcenaria  provides  definitive  criteria  for  the 
recognition  of  different  mi crostructura 1 growth  patterns  in  this 
species.  They  describe  the  following  types  of  shell  "breaks"  or 
interruptions  in  daily  shell  deposition:  (1)  summer  ("heat-shock") 

and  winter  ("freeze-shock")  breaks,  (2)  tidal  breaks,  and  (3)  dis- 
turbance ("thermal-shock",  spawning,  storm)  breaks  and  they  identify 
each  break  by  its  corresponding  growth  pattern.  Such  information 
needs  to  be  compiled  for  other  bivalve  species  before  one  can  reli- 
ably use  these  criteria  in  the  interpretation  of  both  external  and 
microscopic  shell  growth  patterns. 
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Fig.  9 (Left)  Scatter  diagram  of  shell  length|  (circles)  and  lengthy 
(triangles)  in  mm  plotted  against  number  of  microscopic  increments 
and  fitted  by  regression  (length  : y = 3.236  + 5-623;  r = 0-7787) 
(length^:  y = 1-982  + 5-185;  r = 0 . 7 02 4 ) in  Protothaca  staminea.  n = 20. 

Fig.  10  (Right)  Distribution  of  standard  deviations  of  mean  shell 
lengthy  of  Discovery  Bay  population.  Vertical  lines  indicate  one 
standard  deviation  on  either  side  of  the  mean  represented  by  solid 
ci rcles . 

Determination  of  the  age  revealed  by  counting  these  rapid  and  slow 
growth  layers  (each  couplet  being  counted  as  an  annual  increment)  was 
examined  in  an  age-frequency  analysis.  The  age-frequency  histogram 
(Fig.  12)  for  selected  specimens  within  the  Discovery  Bay  sample  re- 
veals a population  ranging  in  age  from  2.0  years  to  7-5  years,  the 
majority  of  specimens  falling  within  the  ** . 5 to  5-5  year  class.  Dis- 
parity in  the  resultant  ages  of  the  population  specimens  is  indica- 
ted by  a comparison  of  the  age-frequency  histograms  constructed  for 
both  the  external  rings  and  microscopic  growth  increments  (Fig.  7 
and  12). 

Survivorship  curves  were  also  constructed  for  the  Discovery  Bay 
population  from  the  number  of  microscopic  increments  (Fig.  13;  Table 
2).  Comparison  of  the  two  survivorship  curves  (Fig.  8 and  13)  in- 
dicates a similar  pattern  of  mortality  steadily  increasing  with  age, 
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Plate  1 (Above)  External  growth  rings  of  Protothaca  staminea. 
Arrows  indicate  the  major  growth  lines  on  the  shell  surface  defined 
as  thin  concentric  rings  between  larger  depressed  growth  bands. 
These  external  rings  were  assumed  to  represent  annual  increments. 

X2 . 


Plate  2 (Facing  Page)  Internal  microscopic  growth  increments  in 

Protothaca  staminea. 

a.  Transverse  thin  section  photomicrograph  illustrating  alternating 
rapid  and  slow  growth  layers.  (UCMP  Hypotype  14251) - Nos.  1,  2,  3, 
4 indicate  slow  growth  layers.  Nos.  5,  6,  7 indicate  rapid  growth 
layers.  46X. 

b.  Photomicrograph  illustrating  the  numerous  microscopic  increments 

within  a slow  growth  layer.  Such  microscopic  increments  have  been 
interpreted  as  having  daily,  monthly,  and  fortnightly  periodicity. 
(UCMP  Hypotype  14252).  58X . 
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AGS  IN  YEARS  (MICROSCOPIC  INCREMENTS) 


Fig.  11  (Left)  Relationship  between  external  rings  and  micro- 
scopic increments. 


Fig.  12  (Right)  Age  frequency  histograms  of  right  and  left 
valves  of  Protothaca  staminea. 


Table  2. 


Life  Tables  for  Protothaca  staminea  based  on  micro- 
scope increment  analysis 


Age 

Inter- 

va  1 

(years) 

No.  dying 
during  age 
i nterva 1 

No.  surviving 
at  beginning  of 
age  interval 

Morta 1 i ty  rate 
as  fraction  of 
no.  surviving 
at  beginning  of 
age  interval 

1-2 

0 

20 

0 

2-3 

1 

19 

.052 

3-4 

3 

16 

.187 

4-5 

5 

1 1 

.454 

5-6 

7 

4 

• 571 

6-7 

3 

1 

• 333 

7-8 

1 

0 

1.00 

the  only  difference  between  the  curves  being  the  placement  of  the 
year  classes. 
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SHELL-WEIGHT  ANALYSIS 


The  final  method  of  molluscan  age  determination  considered  here 
is  shell-weight  analysis.  Determination  of  age  by  means  of  shell 
weight  has  been  proposed  by  several  fishery  investigators  (Haskin, 
195^;  Sheldon,  1967).  In  the  present  analysis  the  objective  was  to 
define  the  relationship  between  shell  weight  and  length  and  shell 
weight  and  age  using  both  external  growth  rings  and  microscopic 
growth  increments. 


The  correlations  between  both  shell  lengths  (length 
and  weight  are  reported  in  terms  of  the  product  moment 
coef f i c ient- r (Sokal  and  Rohlf,  1969)  in  Fig.  11*.  The 


and  lengthy) 
correlation 
higher  degree 
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Fig.  13  (Left)  Survivorship  and  mortality  curves  for  Protothaaa 
staminea  based  on  data  in  Table  2. 


Fig.  ]k  (Right)  Scatter  diagram 
length,  (triangles)  in  mm  plotted 
(length.  : y = 23-31*1 


by  regression 
y = 22.264  + 


710;  r = 0.9227) 


of  shell  lengthj  (circles)  and 
against  weight  in  g and  fitted 
+ .662;  r = 0.9135)  (length  : 

Protothaaa  staminea.  n = 80. 
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of  correlation  between  lengtl^  and  weight  (r  = 0.9227)  suggests  fur- 
ther analysis  of  this  relationship.  The  relationship  between  shell 
lengthy  and  weight  can  be  expressed  by  the  allometric  growth  equa- 
tion W = aL  . Fig.  15  is  the  log-log  plot  of  lengthy  and  weight 
showing  the  expected  linear  relationship. 


Having  demonstrated  the  allometry  of  growth  for  shell  length  and 
weight,  the  next  step  is  to  examine  the  relationship  of  shell  weight 
and  age  of  the  population  using  both  external  growth  rings  analysis 
and  microscopic  increment  analysis  (Figs.  16  and  17).  The  shell 
weight-age  relationship  in  both  cases  was  quantified  by  linear  re- 
gression equation: 


Y = 


a 


y 


+ b X 
yx 


Utilizing  the  external  growth  rings,  the  slope,  b is  the  shell 
growth  rate  in  grams/year  and  is  plotted  along  wi^  standard  de- 
viations of  mean  weight  at  each  year  of  growth  (Fig.  18).  The 
overlap  in  the  weight  measurements  of  the  specimens  from  one  year 
class  to  the  next  indicates  that  the  weight  of  individual  specimens 
is  not  by  itself  a conclusive  method  of  age  determination. 


The  linear  regression  analysis  was  repeated  to  determine  the 
shell  weight-age  relationship  using  microscopic  growth  increments. 
The  shell  growth  rate  is  plotted  along  with  standard  deviations  of 
mean  weight  at  each  year  of  growth  (Fig.  19).  The  large  deviation 
about  the  mean  values  suggest  similarly  that  the  weight  of  indi- 
vidual specimens  using  microscopic  growth  increments  is  not  con- 
clusive in  the  absence  of  other  information. 


DISCUSSION  AND  SUMMARY 

in  summary,  examination  of  proposed  methods  of  molluscan  age 
determination  by:  (1)  size-frequency  and  age  group  analysis;  (2) 

growth  ring  analysis;  and  (3)  shell  weight  and  age  analysis,  were 
employed  in  the  evaluation  of  growth  and  age  characteristics  of  a 
population  sample  of  little  neck  clams,  Protothaoa  staminea. 

The  basic  premise,  seriously  questioned  here,  is  the  validity  of 
interpreting  growth  rings  on  the  exterior  of  the  shell  as  annual 
increments  of  shell  addition.  External  and  microscopic  growth  ring 
examination  reveals  inconsistencies  in  the  resultant  ages  of  the 
individuals.  No  previous  attempt  to  compare  the  apparent  molluscan 
ages  indicated  by  these  two  methods  has  been  published.  Rather,  in- 
vestigators have  become  more  interested  in  examining  the  finer  in- 
crements of  shell  secretion,  suggesting  monthly,  fortnightly,  and 
daily  patterns  of  growth.  Substantiation  of  these  subannual  pat- 
terns of  growth  has  been  experimentally  demonstrated  for  certain 
bivalve  species  under  specific  environmental  conditions  (Barker, 
1970;  Farrow,  1971;  Hall  et  at.,  197^;  House  and  Farrow,  1968; 
Kennish  and  Olsson,  1975;  Pannella  and  MacClintock,  1968;  Rhoads 
and  Pannella,  1970).  Numerical  relationships  between  these  suban- 
nual patterns  of  growth  has  suggested  to  a number  of  paleontologists 
variations  in  the  length  of  the  month  and  year  in  the  geologic  past 


LENGTH(mm)  log  scale 


1976 


GROWTH  STUDIES  IN  PROTOTHACA 


19 


(Barker,  1970;  Berry  and  Barker,  1968;  Pannella  et  al.  , 1968;  Runcorn, 
1968).  Unfortunately,  considerably  less  attention  has  been  paid  to 
the  demonstration  of  the  annual  synchroneity  of  these  external  and 
internal  increments  with  the  environment  using  data  derived  from  re- 
cent molluscan  populations.  Such  a demonstration  is  clearly  necessary 
before  one  can  attempt  to  evaluate  and  interpret  subannual  patterns  of 
growth  among  fossil  specimens. 
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Fig.  15  Logarithmic  transformation  of  shell  lengthy  versus  weight  in 

Protothaca  staminea.  n = 80. 

As  previously  mentioned,  this  kind  of  analysis  was  not  possible 
for  the  Discovery  Bay  population.  However,  there  are  several  possible 
explanations  for  the  disparity  in  the  age  structure  of  the  population 
suggested  by  these  two  methods.  Review  of  the  literature  reveals  in- 
sufficient definition  and  description  of  these  external  growth  rings 
assumed  to  represent  annual  cycles  of  deposition.  Many  workers  have 
found  it  difficult  to  distinguish  annual  rings  from  disturbance  rings. 
A plot  of  the  class-frequency  of  all  rings  suggested  by  Craig  and 
Hal  lam  (1963)  as  a means  of  distinguishing  annual  rings  is  not  suf- 
ficient since  it  selects  from  a size  frequency  distribution  of  ring 
length  the  most  significant  rings,  working  from  the  assumption  that 
the  numerical  relationships  of  these  size  ranges  reflect  annual  per- 
iodicity and  not  merely  short-term  disturbances.  Rhoads  and  Pannella 
(1970),  in  their  investigation  of  the  growth  of  the  clam  Mercenaria 
mercenaria  , demonstrated  that  annual  rings  may  be  distinguished  by 
microscopic  examination  from  disturbance  rings  specifically  caused  by 
spawning.  In  Mercenaria  mercenaria  annual  breaks  are  character i zed 
by  an  abrupt  depositional  break,  unlike  spawning  breaks  which  are 
abrupt,  but  are  followed  by  slow  growth  recovery.  Kennish  and  Olsson 
(1975)  provide  additional  criteria  for  the  recognition  of  interruptions 
in  daily  shell  deposition  for  this  species.  This  kind  of  morphological 
criteria  needs  to  be  further  evaluated  for  other  kinds  of  disturbances. 
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EXT.  RINGS 


MICROSCOPIC  INCREMENTS 


Fig.  16  (Left)  Scatter  diagram  of  shell  weight  in  grams  plotted 
against  number  of  external  rings  and  fitted  by  regression  (y  = .611 
+ 1.33 2x ; r = 0.8309)  in  Protothaca  staminea.  n = 80. 

Fig.  17  (Right)  Scatter  diagram  of  shell  weight  in  grams  plotted 
against  number  of  microscopic  increments  and  fitted  by  regression 
(y  = 2.221  + 1.64Ax;  r = 0.7^50)  in  Protothaca  staminea.  n = 20. 

such  as  salinity,  temperature  changes,  and  tidal  fluctuations,  which 
are  also  represented  by  external  growth  rings  (Barker,  196k,  1970; 
Kennish  and  Olsson,  1975;  Pannella  and  MacClintock,  1968). 

It  seems  likely,  then,  that  the  inconsistency  in  the  ages  of  the 
Discovery  Bay  sample  of  Protothaca  staminea  most  probably  stems  from 
two  sources:  (1)  sampling  bias  against  juvenile  individuals,  (2) 

inadequate  morphological  criteria  allowing  discrimination  of  annual 
rings  from  disturbance  rings.  If  one  accepts  this  explanation,  sub- 
stantiated by  data  from  the  Discovery  Bay  population  sample,  then 
the  validity  of  studies  where  external  growth  rings  are  assumed  to 
represent  annual  periodicity  may  be  seriously  questioned.  Fishery 
investigators  using  only  external  growth  rings  as  a method  of  age 
determination  may  be  grossly  under  or  over  estimating  the  individual 
ages.  Paleontologists,  suggesting  temporal  variations  in  the  length 
of  the  geologic  month  and  year,  may  have  extended  such  interpreat- 
tions  well  beyond  the  limits  of  the  data.  Utilization  of  these  ex- 
ternal growth  rings  by  archaeologists  in  the  chronological  dating  of 
occupation  sites  suggests  possible  misrepresentation  of  the  actual 
period  of  site  habitation. 

Analysis  of  the  Discovery  Bay  population  in  terms  of  these  quan- 
titative approaches  to  molluscan  age  determination  suggests  that 
before  the  bivalve  shell  can  be  considered  an  accurate  chronometer, 
experimental  studies  involving  the  observation  of  growth  through 
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the  timed  release  and  recovery  of  marked  specimens  of  individual 
species  must  be  first  undertaken  to  clearly  demonstrate  the  period- 
icity of  shell  rings  and  increments. 
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Fig.  18  Frequency  distribution  of  standard  deviations  of  mean  shell 
weight  of  Discovery  Bay  population.  Vertical  lines  indicate  one 
standard  deviation  on  either  side  of  the  mean  represented  by  solid 
circles. 
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Fig.  19  Frequency  distribution  of  standard  deviations  of  mean  shell 
weight  of  Discovery  Bay  population  of  Protothaca  staminea.  Vertical 
lines  indicate  one  standard  deviation  on  either  side  of  the  mean 
represented  by  solid  circles. 
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IDENTIFICATION  OF  THE  NATIVE  CYPRINIDS  (PISCES:  CYPRINIDAE) 

OF  CALIFORNIA  BASED  UPON  THEIR  BAS  I OCC I P I TALS 1 

BY 

RICHARD  W.  CASTEEL2 


ABSTRACT 

The  forms  of  the  bas i occ i pi ta 1 s of  the  native  Cyprinidae  of 
California  were  investigated  in  order  to  assess  the  value  of  this 
bone  for  identification  of  genus  and  species.  Seven  major  types 
of  masticatory  processes  were  identified  and  these,  in  combination 
with  characters  of  the  bas iocc i pi ta 1 as  seen  in  lateral  aspect, 
provide  a means  for  identifying  most  of  the  genera,  species,  and, 
in  some  cases,  subspecies  of  native  California  cyprinids.  A key 
is  provided  and  illustrations  of  the  bas iocci p i tal s of  the  native 
California  cyprinids  in  ventral  and  lateral  views  are  presented. 

INTRODUCTION 

The  bas iocc i p i ta I s of  the  cyprinids  (minnows)  often  occur  as 
fossils  and  sub-fossils  in  freshwater  deposits.  Their  use  for 
identification  of  cyprinid  genera  and  species  has  been  widespread 
both  in  North  America  (Linder  and  Koslucher,  197^1  Smith,  1963; 

Uyeno , I960)  and  the  Soviet  Union  ( I nos t rantsev , 1882;  Lebedev  and 
Lapin,  1 954 ; Lebedev  and  Tsepkin,  I960;  Markevich  and  Tsepkin, 

1969;  Nikol'skii,  1935;  Shpet,  19^9;  Tsepkin,  196A;  Zhiteneva,  1965, 
1966,  1968).  Many  cyprinids  offer  valuable  information  concerning 
the  character i s t i cs  of  the  bodies  of  water  in  which  they  lived. 

Differences  in  form  of  the  bas i occ i pi ta 1 s among  the  native  cy- 
prinids of  California  (see  Table  1)  allow  an  attempt  to  identify 
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characters  and  combinations  of  characters  that  are  distinctive  at 
the  generic  and,  where  possible,  at  the  species  level.  This  study 
is  a preliminary  step  in  the  analysis  of  morphological  variation 
between  these  species  and  genera.  Its  primary  aim  is  to  illustrate 
the  bas iocc i p i tal s of  various  native  Cyprinidae  and  to  facilitate 
their  correct  identification.  Although  Hopkirk  (197*0  included  de- 
tailed descriptions  of  the  bas iocc i p i ta 1 s of  six  native  genera  in 
his  sections  entitled  "Cranial  Osteology,"  no  attempt  was  made  to 
illustrate  them  or  prepare  a key  to  their  identification.  Some  of 
the  species  dealt  with  here  are  either  extinct  (for  example,  Gita 
avassicauda  [Miller,  1961  , 1963])  or  increasingly  difficult  to  ob- 
tain in  modern  collections  owing  to  severe  declines  in  population. 
These  same  species  are,  however,  often  found  in  skeletal  form  dur- 
ing paleontological  and  archaeological  investigations,  and  for  this 
reason,  a presentation  of  the  various  forms  of  their  bas iocc i pi tal s 
i s des i rable . 

As  a secondary  feature,  an  artificial  key  to  the  bas iocc i p i ta 1 s 
of  the  genera,  species,  and  some  subspecies  of  the  C a 1 i forn i a cy- 
prinids  is  presented  to  aid  in  the  identification  of  isolated 
skeletal  material . 

It  appears  that  the  general  form  of  the  bas i occ i p i tal  remains 
relatively  unaltered  throughout  ontogeny.  Minor  changes  in  the 
form  of  the  bas iocc i p i ta 1 do  occur  (Figure  l),  but  these  do  not 
appear  to  hinder  identification.  Other  investigators  (Evans  and 
Deubler,  1955;  Nikolsky,  1963)  have  documented  changes  in  the  form 
of  pharyngeal  teeth  with  age  and  variations  in  feeding  behavior. 
Since  the  bas i occ i p i ta 1 is  intimately  associated  with  the  pharyn- 
geals,  some  concomitant  changes  should  occur  in  this  bone. 


Fig.  1.  Bas iocc i p i tal s of  Orthodon  miorolepidotus  at  various  stages 
of  ontogeny.  A.  Specimen  5163,  live  weight  759  g,  x 1 ; B.  Specimen 
517**,  live  weight  423  g,  xl.25;  C.  Specimen  5175,  live  weight  119  g, 
x2;  D.  Specimen  5086,  live  weight  11  g,  x3.5. 
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MATERIAL  AND  METHODS 


Most  of  the  native  cyprinids  were  available  in  quantities  suf- 
ficient to  allow  examination  of  numerous  size  ranges  within  a 
single  species,  but  some  could  be  studied  only  from  a pair  of  in- 
dividuals of  the  same  species.  Every  attempt  was  made,  however, 
to  obtain  individuals  of  various  sizes  from  each  species. 

The  key  emphasizes  the  lateral  profile  of  the  bas iocc i p i ta 1 
and  the  form  of  its  masticatory  process  (Figures  2-A)  . Weisel 
(1955)  noted  the  value  of  the  form  of  the  masticatory  process  of 
the  bas ioccipi tal  as  a species  character.  The  terms  used  to  de- 
scribe the  topography  of  the  bas i occ i p i ta 1 are  taken  largely  from 
Harrington  (1955).  The  seven  general  forms  of  masticatory  pro- 
cesses used  in  this  study  are  (see  Figure  A): 


Type  1 
Type  2 
Type  3 

Type  A 

Type  5 
Type  6 
Type  7 


a roughly  rectangular  form  cha racter i st i c of  the  genus 
Ptychochei lus; 

an  oval  form  characteristic  of  the  genera  Orthodon  and 
Lavinia ; 

a spheroidal  form,  truncated  at  its  anterior  end,  oc- 
casionally with  a median  projection  on  the  anterior  end 
This  type  is  cha racter i st i c of  the  genera  Mylopharodon 
and  Gila; 

roughly  cruciform  with  a tapering  posterior  end  and 
slightly  square  to  rounded  lateral  arms.  This  type  is 
characteristic  of  the  genus  Hesperoleucus  and  certain 
members  of  the  genus  Gila; 

a subsquare  to  rounded  form  characteristic  of  some 
members  of  the  genera  Gila  and  Hesperoleucus; 
a roughly  pentagonal  form  with  concave  margins  charac- 
teristic of  the  genus  Pogonichthys ; and 
a slightly  square  to  roughly  triangular  form  generally 
characterized  by  the  posterior  projection  of  the  two 
lateral  arms,  producing  a tricuspid  pattern.  This  type 
is  characteristic  of  members  of  the  genera  Rhin.icb.thys 
and  Richards onius . 


Uyeno  (1960:32)  utilized  the  form  of  the  bas iocc i p i ta 1 in  his 
study  of  the  genus  Gila  and  other  North  American  cyprinids  and  con- 
cluded that  "The  form  of  the  bas iocc i p i ta 1 shows  wide  intra-  and 
inter-specific  variability  among  the  fishes  examined."  That  inter- 
specific variability  is  great  is  readily  conceded,  and,  indeed,  thi 
variability  forms  the  basis  of  the  present  study.  Intra-specific 
variability  does  exist,  as  illustrated  in  Figure  1,  but  it  is  not 
sufficiently  great  to  impair  identifications.  The  present  study 
may  help  establish  a base  for  pa  1 eontolog i ca 1 study  of  Cenozoic  cy- 
prinids by  stressing  osteological  characteristics. 


Specimen  numbers  refer  to  the  author's  private  collection. 
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Fig.  2.  Basioccipi tal  of  generalized  cyprinid  (lateral  aspect). 
CPRA,  centrum  of  proatlas  vertebra.  VPBO,  ventral  portion  of  basi 
occipital.  BO,  bas ioccipi tal . PPBO,  posterior  process  of  basioc- 
cipital.  L,  length  of  dorsal  portion  of  bas iocc i pi ta 1 . 


AO 


Fig.  3.  Bas iocci pi tal  of  generalized  cyprinid  (ventral  view), 
canal  for  aorta.  MPBO,  masticatory  plate.  BO,  dorsal  portion. 
PPBO,  pharyngeal  process,  CPRA,  centrum  of  proatlas  vertebra. 


AO 
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Fig.  4.  Ventral  view  of  generalized  types  of  masticatory  plates 
of  bas iocci pi tal . 


A KEY  TO  THE  BAS  I OCC I P I TALS  OF  THE  NATIVE 
CYPRINIDAE  OF  CALIFORNIA 

The  key  to  the  bas i occ i p i ta 1 s of  the  native  Cyprinidae  of  Cali- 
fornia stresses  the  form  of  the  bone  in  lateral  and  ventral  as- 
pects. The  bas ioccipi tals  of  each  genus  and  species  identified 
in  the  key,  as  well  as  those  of  a number  of  subspecies,  are  illus- 
trated in  Figures  5 - 1 0 . The  fish  names  follow  those  of  Bailey 
(1970)  and  Hopkirk  (197*0. 

1.  a)  Masticatory  plate  type  1 Ptychocheilus  (Squawfish) 

(Figure  5A,  B) 

b)  Masticatory  plate  not  type  1 2 

2.  a)  Masticatory  plate  type  6 

Poqonichthus  maaroledidotus  (Splittail) 

(Figure  5C) 


b)  Masticatory  plate  not  type  6 3 

3-  a)  Masticatory  plate  type  2 4 

b)  Masticatory  plate  not  type  2 5 


4.  a)  Length  of  ventral  process  approximately  equal  to  length  of 
dorsal  portion  of  bas i occ i p i ta 1 ; pharyngeal  process  in  form 
of  ventral  ly  concave  spur;  large,  fenestrated  spur  project- 
ing antero-dorsa 1 1 y from  base  of  masticatory  plate 

Orthodon  miarolepidotus  (Sacramento  Blackfish) 

(Figure  5D) 

b)  Length  of  ventral  process  less  than  length  of  dorsal  por- 
tion; pharyngeal  process  not  ventral ly  concave;  antero- 
ventral  face  of  ventral  process  biconcave 

Lavinia  exiliaauda  (Hitch) 

(Figure  6A,B) 
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5.  a)  Masticatory  plate  type  3 6 

b)  Masticatory  plate  not  type  3 8 


6.  a)  Ventral  process  very  short;  masticatory  plate  large 
and  shield-shaped  with  anteriorly  directed  process  ; 
masticatory  plate  with  acute  ventro-anter ior  angle 

Mylopharodon  conocephalus  (Hardhead) 

(Figure  6C) 

b)  Ventral  process  long;  masticatory  plate  without  acute 


ventro-anter  ior  angle 7 

7.  a)  Anteriorly  directed  process  present  on  masticatory 

plate Gila 


(including  the  species  G.  bicolor  [Tui  chub],  G.  crassi- 
cauda  [Thicktail  chub],  G.  elegans  [Bonytail],  and  G. 
mohavensis  [Mohave  chub]). 

(Figure  7A-D) 

b)  Anteriorly  directed  process  absent  from  masticatory 

plate Gila 

(including  the  species  G.  bicolor  and  G.  mohavensis  only). 

(Figure  7A,  C) 

8.  a)  Masticatory  plate  type  A 9 

b)  Masticatory  plate  not  type  k 10 

9.  a)  Steplike  projection  present  on  dorsal  margin  of  pharyn- 

geal process Gila  orcutti  (Arroyo  chub) 

(Figure  8A) 

b)  Steplike  projection  absent  on  dorsal  margin  of  pharyngeal 

process Hesperoleucus  syrmetricus  (California  roach) 

(including  the  subspecies  H.  s.  syrmetricus , B.  s.  ven- 
ustus,  H.  s.  navarroensis , and  H.  s.  parvipirmis) . 

(Figure  8B-E) 

10.  a)  Masticatory  plate  type  5 II 

b)  Masticatory  plate  type  7 

Rhinichthys  osculus  (Speckled  dace) 

(including  its  subspecies  [Figure  9A-C]  and  Richardsonius 
egregius  (Lahontan  redside)  [Figure  90]). 

11.  a)  Masticatory  plate  extending  posteriorly  beyond  posterior 

face  of  centrum  of  proatlas  vertebra 

Gila  coerulea  (Blue  chub) 

(Figure  10A) 

Masticatory  plate  not  extending  posteriorly  beyond 

posterior  face  of  centrum  of  proatlas  vertebra 

Hesperoleucus  syrmetricus  subditus 

(Figure  10B) 


b) 
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Fig.  5-  Bas iocci pi tal s of  native  Cyprinidae  of  California  in  ventral 
and  left  lateral  views.  All  scales  equal  5 mm.  A.  Ptychocheilua 
grcmdis , specimen  5257,  8.  P.  luaius , specimen  5581,  C. 

Pogoniehthys  macvoiepidotus , specimen  5 '99,  D.  Orthodon  mioro- 
lepidotus  , specimen  5163. 


Fig,  6.  Bas ioccipi tals  of  native  Cyprinidae  of  California  in  ventral 
and  left  lateral  views.  All  scales  equal  5 mm.  A.  Lavinia  exili- 
aauda  exilicauda,  specimen  5121,  B.  L.  e.  harengus , specimen 

55^5,  C.  Mylopharodon  conoaephalus , specimen  5025. 
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Fig.  7-  Bas iocc ipi tal s of  native  Cyprinidae  of  California  in  ventral 
and  left  lateral  views.  All  scales  equal  5 mm.  A.  Gila  bicolor, 
specimen  5^*38,  B.  G,  crassicauda,  specimen  5592,  C. 

G.  mohavensis , specimen  5526,  D.  G.  elegcms}  specimen  5595. 
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Fig.  8 . Bas i occ i p i ta 1 s 
and  left  lateral  views, 
specimen  5537,  B. 
specimen  5269,  C. 
navarvoensis , specimen 
5538. 


of  native  Cyprinidae  of  California  in  ventral 
All  scales  equal  5 mm.  A.  Gila  orcutti , 
Hesperoleucus  syrmetricus  syrmetricus , 

H.  s.  venustus , specimen  5248 , D.  H.  s. 
55^3,  E.  H.  s.  parvipinnis , specimen 
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Fig.  9-  Bas iocci pi tal s of  native  Cyprinidae  of  California  in  ventral 
and  left  lateral  views.  All  scales  equal  5 mm.  A.  Rhinichthys 
osculus  nevadensis , specimen  5531,  B.  R.  o.  klamathensis , speci- 
men 5529,  C.  R.  o.  robustus  , specimen  5528,  D.  Richardson- 

ius  egregius , specimen  55^7 • 


Fig.  10.  Bas i occ i p i tal s of  native  Cyprinidae  of  California  in  ventral 
and  left  lateral  views.  All  scales  equal  5 mm.  A.  Gila  coerulea, 
specimen  5546,  B.  Hesperoleucus  symmetrious  subditus , specimen 

5540. 
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Table  1.  List  of  the  native  Cyprinidae  of  California  (Recent) 


Rhiniakthys  oscu lus  (Girard) 
Mylcpharcdcm  aonocephalus  (Baird  and  Gi 
Orthodon  mlcrolepidotus  (Ayres) 
Pogonichihys  macrolepidotue  (Ayres) 
Lavinia  exiliaaudu  (Baird  and  Girard) 
Ptyckccheiius  grandis  (Ayres) 
Ptychocheilus  lucias  (Girard) 
Hesperoleucus  syrmetricus  (Baird  and  Gi 
Gila  bicolor  (Girard) 

Gilo,  mohavensis  (Snyder) 

Gila  crassicauda  (Baird  and  Girard) 

Gila  coerulea  (Girard) 

Gila  orcutti  (Eigenmann  and  Eigenmann) 
Gila  elegano  (Baird  and  Girard) 
Richardscnius  baltsatus  (Girard) 


Speckled  Dace 
rard)  Hardhead 

Sacramento  Blackfish 
Sp 1 i t ta i 1 
H i tch 

Sacramento  Squawfish 
Colorado  River  Squawfish 
rard)  California  Roach 

Tui  Chub 
Mohave  Chub 
Th i ckta i 1 Chub 
Blue  Chub 
Arroyo  Chub 
Bony ta i 1 
Lahontan  Redside 


ACKNOWLEDGEMENTS 

! wish  to  express  my  sincere  thanks  to  Mr.  W.  I.  Follet  and  Mrs. 

Lillian  Dempster  of  the  California  Academy  of  Sciences  and  Dr.  J. 

D.  Hopkirk,  California  State  University,  Sonoma,  for  their  comments 

and  generosity  in  making  available  specimens  for  this  study. 

BIBLIOGRAPHY 

Bailey,  R.  M.  , 1970.  A list  of  common  and  scientific  names  of  fishes 
from  the  United  States  and  Canada.  American  Fisheries  Society, 
Special  Publication  No.  6. 

Evans,  H.  E.  and  E.  E.  Deubler,  Jr.,  1955-  Pharyngeal  tooth  re- 
placement in  Semotilus  atromaculatus  and  Clinostormi.s  elengatus , 
two  species  of  cyprinid  fishes.  Copeia  1955:  31~kl. 

Harrington,  R.  W. , Jr.,  1955.  The  osteocranium  of  the  American 

cyprinid  fish,  Notropis  bifrenatus,  with  an  annotated  synonymy 
of  teleost  skull  bones.  Coepia  1955:  267-290. 

Hopkirk,  J.  D.,  197k.  Endemism  in  fishes  of  the  Clear  Lake  region 
of  central  California.  University  of  California  Publications 
in  Zoology,  96. 

I nostrantsev  , A.  A.,  1882.  Doi s tor i chesk i i chelovek  kamennago  veka 
poberezh'ia  Ladozhskogo  ozera.  Stasiulevich , St.  Petersburg. 

Lebedev,  V.  D.  'and  lu.  E.  Lapin,  195k.  K voprosu  o rybolovstve  v 
bosporskom  tsarstve.  Materialy  i i ss 1 edovan i i a po  arkheologii 
SSSR  , 33=  1 97“21 k . 

Lebedev,  V.  D.  and  E.  A.  Tsepkin,  I960.  Ryby  iz  neol i th i chesko i 

stoianki  na  r.  Shilke.  Materialy  i i ss 1 edovan i i a po  arkheolo- 
gi i SSSR,  86:  72-80. 


12 


PALEOB I OS 


No.  22 


Linder,  A.  D.  and  D.  G.  Koslucher,  1974.  A partial  Diastious  (Cy- 
prinidae)  skeleton  from  PI io-Pleistocene  Lake  Idaho.  North- 
west Science,  48(3):  180-182, 

Markevich,  V.  I.  and  E.  A.  Tsepkin,  1969.  Ikthiofauna  neolithi- 

cheskikh  posulunii  u r.  Soroki . Anthropogen  moldavi i : 89-103. 

Miller,  R.  R. , 1961,  Man  and  the  changing  fish  fauna  of  the  American 
southwest.  Papers  of  the  Michigan  Academy  of  Science,  Arts,  and 
Letters,  46;  365-404. 

Miller,  R.  R. , 1963.  Synonymy,  characters,  and  variation  of  Gila 
arassieauda,  a rare  Californian  minnow,  with  an  account  of  its 
hybridization  with  Lavinia  exilicauda.  California  Fish  and 
Game,  49(1)  ; 20-29. 

Nikol'skii,  G.  V.,  1935-  Spisok  ryb  iz  neolita  basseina  r.  Onegi. 
Biulleten1  moskovskoe  obshchestvo  ispytatelei  prirody,  otdel 
b iol og i chesk i i , 44(3):  113-118. 

Nikolsky,  G.  V.,  1963-  The  Ecology  of  Fishes.  Academic  Press. 

New  York. 


Shpet,  G.  I.,  1949-  Iskopaemye  ostatki  ryb  srednego  Dnepra. 

Trudy  nauchno- i ss 1 edovate 1 ' skogo  instituta  prudovogo  i ozerno- 
rechnogo  rybnogo  khoziaistva,  6:  43-57- 
Smith,  G.  R. , 1963-  A late  1 1 1 i no i an  fish  fauna  from  southwestern 
Kansas  and  its  climatic  significance.  Copeia  1963:  278-285- 
Uyeno,  T. , I960.  Osteology  and  phylogeny  of  the  American  cyprinid 
fishes  allied  to  the  genus  Gila.  Unpublished  Ph.D.  thesis, 
University  of  Michigan. 

Weisel,  G.  F.,  1955-  The  osteology  of  Mylocheilus  caurinum  x 

Ptyohoaheilus  oregonense , a cyprinid  hybrid,  compared  with  its 
parental  species.  Journal  of  Morphology,  96(2):  3 3 3 ~ 3 58 . 
Zhiteneva,  L.  D.,  1965-  K voprosu  o rybolovstve  u Sindov  (po 

materialam  raskopok  Semibratnego  gorodishcha  VI  - II  vv.  do 
n.e.).  Biulleten'  moskovskoe  obshchestvo  ispytatelei  prirody, 
otdel  b iol og i chesk i i , 70(6):  50-59 - 
Zhiteneva,  L.  0.,  1966.  Ryby  N i zhne-Gn i 1 ovskogo  gorodishcha 

(epokha  bronzy,  I - II!  veka  n.e.).  Voprosy  ikhthiologi  i , 

6(2) : 222-236. 

Zhiteneva,  L.  D.,  1968.  Ryby  Kobiakova  gorodishcha  (epokha  pozdnei 
bronzy,  I - III  vv.  n.e.).  Zoologicheski  i zhurnal  , 47(2): 
269-282. 


Manuscript  received  February  1,  1975;  revised  manuscript  accepted 
January  26,  1976.  Manuscript  reviewed  by  J.  T.  Gregory,  J.  D. 
Hopkirk,  and  B.  J.  Welton. 


PaleoBios 


Museum  of  Paleontology 
University  of  California.  Berkeley 

NUMBER  23  JULY  19,  1976 


EVOLUTION  OF  THE  THYLACOSM I L I DAE , EXTINCT  SABER-TOOTH  MARSUPIALS 

OF  SOUTH  AMERICA 

by 

LARRY  G.  MARSHALL1 
ABSTRACT 

The  family  Thy  1 acosmi 1 i dae , predaceous  South  American  extinct 
saber-tooth  marsupials,  includes  five  species:  Thylacosmilus 

atrox  Riggs,  1933  (including  T.  lentis  Riggs,  1933),  of  Huayquerian 
(middle  Pliocene)  through  early  Montehermosan  (late  Pliocene)  age; 
Notosmilus  pattersoni  J.  L.  Kraglievich,  I960,  of  Chapadma 1 al an 
(latest  Pliocene)  age;  Hyaenodonops  ohapalmalensis  Ameghino,  1908, 
of  Chapadma 1 a 1 an  age;  Aahlysictis  lelongi  Ameghino,  1 89 1 , of  early 
Montehermosan  and  possibly  Huayquerian  age;  and  A.  pungens  (Ameghino, 
1904)  of  middle  Montehermosan  age. 

Thylacosmilus  atrox  and  H.  ohapalmalensis  are  structurally  simi- 
lar and  might  represent  members  of  a single  phylogenetic  lineage. 

The  two  species  of  Aahlysictis  might  prove  synonymous  when  better 
known.  N.  pattersoni  is  problematical  and  might  prove  a junior  syn- 
onym of  H.  ohapalmalensis. 

The  dog-like  borhyaenids  and  saber-tooth  thy lacosmi 1 i ds  are 
placed  in  separate  families,  the  Borhyaenidae  and  Thy  1 acosmi 1 i dae 
respectively,  in  the  superfamily  Borhyaeno i dea . 

RESUMEN 


Se  revisa  los  marsupiales  predatores  fosiles  Sud  Americanos 
(gatos  con  dientes  de  sabre),  de  la  familia  Thy  1 acosmi 1 i dae . Se 
reconoce  cinco  especies  fosiles:  Thylacosmilus  atrox  Riggs,  1933 

(que  incluye  T.  lentis  Riggs,  1933),  de  edad  Huayque r i ense  (PI i o - 
ceno  medio)  hasta  Montehermosense  temprana  finales  del  Pliocene, 
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Uotosmilus  pattersoni  J.  L.  Kraglievich,  I960,  de  edad  Chapadmala- 
lense  (Plioceno  cuspidal);  Hyaenodonops  ohapalmalensis  Ameghino, 

1908,  de  edad  Chapadma 1 a 1 ense ; Aohlysictis  lelongi  Ameghino,  1891, 
de  edad  Montehermosense  temprana  y quiz/  Huayquer iense ; y A.  pun- 
gens  (Ameghino,  1904)  de  mediados  del  Montehermosense. 

Thylacosmilus  atrox  y H.  ohapalmalensis  son  muy  simi lares  estructu 
ralmente  y quiza  representen  una  misma  1 i nea  f i 1 ogen^t i ca . Es  posi- 
ble  que  las  dos  especies  de  Aohlysictis  resulten  sinonimos  cuando 
estan  mejor  conocidas.  N.  patterscni  es  problematica  y quiza  resulte 
sinonimo  junior  de  H.  ohapalmalensis. 

Se  asigna  los  borhyaenidos  que  semejan  canes  y los  thylacosmi- 
1 i dos  que  semejan  gatos  con  dientes  de  sabre  a dos  familias  dife- 
rentes,  Borhyaenidae  y Thy  1 acosmi 1 i dae  respect i vamente , dentro  de  la 
superfamilia  Borhyaenoidea . 


INTRODUCTION 

The  discovery  of  large  predaceous  marsupial  saber-tooths  in 
Pliocene  deposits  of  Argentina  was  first  announced  by  Riggs  (1929: 
117)  and  the  material  described  in  two  subsequent  papers  (Riggs, 
1933,  1934).  One  genus,  Thylacosmilus,  and  two  species,  T.  atrox 
and  T.  lentis  , were  named  on  the  basis  of  nearly  complete  cranial 
and  associated  post-cranial  elements.  Thylacosmilus  was  placed  in 
a new  subfamily,  Thy  1 acosmi 1 i nae , of  the  Borhyaenidae.  A second 
genus,  Notcsmilus , was  later  added  to  this  subfamily  (J.  L.  Krag- 
lievich, 1 960) . 

For  the  past  two  years  I have  been  working  on  a revision  of  the 
family  Borhyaenidae.  As  many  of  the  early  named  taxa  of  this  group 
are  poorly  known  and/or  lack  detailed  description,  it  should  be  no 
surprise  that  three  species  previously  referred  to  the  Borhyaeninae 
and  named  by  the  eminent  Argentine  paleontologist  Florentino  Ameg- 
hino prove  members  of  the  saber-tooth  lineage.  It  is  only  in  hind 
sight  and  with  aid  of  the  relatively  complete  material  described 
by  Riggs  that  the  affinities  of  these  taxa  could  be  recognized. 

In  addition,  search  of  museum  collections  in  Argentina  revealed 
undescribed  materials  referable  to  the  Thy  1 acosmi 1 i dae . 

ABBREVIATIONS  USED 


FMNH 

MACN 

MLP 

MMP 

L 

W 

ca. 


Field  Museum  of  Natural  History,  Chicago. 

Museo  Argentino  de  Ciencias  Naturales  "Bernardino  Riva 
davia",  Buenos  Aires,  Argentina. 

Museo  de  La  Plata,  La  Plata,  Argentina. 

Museo  Municipal  de  Ciencias  Naturales,  Mar  del  Plata, 
Argent i na . 

Length 

Width 

approximate  measurement 


All  measurements  are  in  millimeters  (mm)  unless  indicated  other- 


wise. 
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PROVENANCE  OF  SPECIMENS 

Remains  of  thy  I acosmi 1 i ds  have  been  recovered  from  six  locali- 
ties within  Argentina  (Fig.  1).  These  localities  are  widely  scat- 
tered, making  correlations  difficult  and  often  tentative.  In  ad- 
dition, study  of  stratigraphy  and  usage  of  nomenclature  have  had 
long  and  confused  histories.  It  is  beyond  the  scope  of  this  paper 
to  review  these  problems  in  detail,  but  a few  preliminary  comments 
are  necessary  to  clarify  the  site  of  origin  of  the  specimens  and 
their  relative  ages.  Several  excellent  works  attempt  correlation 
of  South  American  Land  Mammal  Ages  and  principal  stratigraphic 
units  within  Argentina  (e.  g.3  Simpson,  1940;  Pascual,  Hinojosa, 
Gondar  and  Tonni,  1966;  Pascual  and  Odreman  Rivas,  1971,  1973; 
and  Patterson  and  Pascual,  1972).  I will  deal  only  with  those 
localities  pertinent  to  this  study.  All  are  presently  regarded 
as  PI iocene  i n age . 

For  ease  of  discussion  the  localities  and  1 i thostrat igraph i c 
units  are  divided  into  three  groups,  following  the  approach  em- 
ployed by  Pascual  and  Odreman  Rivas  (1973:297).  These  are:  1) 

the  Western  Area,  2)  the  Area  of  the  Chaco-Bonaerense  Plain,  and  3) 
the  Mesopotamian  Area. 

I . Western  Area . An  important  sequence  of  late  Tertiary  beds 
occurs  in  the  Santa  Maria  Valley  in  northern  Catamarca  and  southern 
Salta,  and  in  nearby  parts  of  central  Catamarca  Province  (Simpson, 

1 940 : 667 ) - Four  stratigraphic  units  are  currently  recognized  in 
this  area;  from  oldest  to  youngest,  these  are:  the  Corral  Quemado, 

Andalgala,  Chiquimil  A and  Chiquimil  B.  Thylacosmi 1 ids  have  been 
recovered  from  the  oldest  two  (Fig.  2). 

The  mammalian  fauna  of  the  Corral  Quemado  Formation  has  been  as- 
signed an  early  ^lontehermosan  Age  (Fig.  2).  Similarly,  the  fauna 
of  the  Andalgala  is  assigned  to  the  Huayquerian  Age,  and  those  of 
the  Chiquimil  A and  B tentatively  to  the  Chasicoan  Age  (Pascual  and 
Odreman  Rivas,  1973).  The  preliminary  faunal  lists  presented  by 
Riggs  and  Patterson  (1939)  are  fairly  extensive  for  the  Corral  Que- 
mado  and  what  is  now  called  the  Andalgala  (their  Araucanense)  , but 
very  poor  for  either  part  of  the  Chiquimil  (Simpson,  1974:5) - Com- 
plete and  revised  descriptions  of  these  faunas  have  not  been  pub- 
1 i shed . 

As  noted  by  Simpson  (1974:5)  the  Corral  Quemado  is  stratigraphic- 
ally  higher  than  the  Andalgala  and  is  hence  somewhat  later.  Al- 
though the  faunal  lists  are  not  identical,  Simpson  does  not  feel 
they  demonstrate  significant  differences  in  age  and  they  might  re- 
flect merely  the  fortunes  of  collecting  or  possibly  ecological  dif- 
ferences. Simpson  elected  to  provisionally  consider  both  formations 
and  their  faunas  as  Huayquerian  in  age. 
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Fig.  1.  Map  of  northern  Argentina  and  some  adjacent  territory  show- 
ing localities  of  Pliocene  mamma  1 -bear i ng  beds  mentioned  in  the  text. 
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Fm.  Chapadmalal’ 
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•Thylacosmilidae  recorded 


Fig.  2.  Correlation  of  South  American  Land  Mammal  Ages  and  Principal 
Li thostrat i graph i c Units  for  the  Pliocene  of  Argentina  (slightly  modi- 
fied from  Pascual  and  Odreman  Rivas,  1973).  Wavy  line  represents 
probable  unconformities. 

II.  Area  of  the  Chaco-Bonaerense . Remains  of  thy  1 acosmi 1 ids  are 
recorded  from  three  localities  in  this  area.  One  is  in  the  Epecuen 
Formation  in  the  high  cliffs  of  the  Salinas  Grandes  de  Hidalgo,  La 
Pampa  Province,  about  10-15  km  to  the  south  of  the  railroad  station 
of  Salinas  Grandes  de  Hidalgo.  The  fauna  from  this  horizon  is  similar 
to,  but  slightly  older  than,  the  Huayquer i as  fauna  of  Mendoze  Province, 
and  that  from  the  Andalgala  Formation  of  Catamarca  Province  (Pascual 
and  Bocchino,  1963:100;  Zetti,  1972). 

A large  vertebrate  fauna  including  thy  1 acosmi 1 i ds  is  known  from 
the  Monte  Hermoso  Formation  at  Monte  Hermoso,  along  the  Atlantic 
coast  just  east  of  Bahia  Blanca,  and  another  from  the  Chapadmalal 
Formation  along  the  shore  of  the  Atlantic  Ocean  between  Mar  del  Plata 
and  Miramar.  Beds  with  diagnostic  mammals  are  not  yet  known  in  a 
continuous  section,  but  the  faunas  demonstrate  beyond  doubt  that  the 
Monte  Hermoso  beds  are  older  than  those  of  the  Chapadmalal  (Simpson, 

1 940:670) . 

For  many  years  it  was  customary  (e.g.,  Simpson,  1 9^0)  to  regard 
each  of  these  faunas  as  representing  the  type  of  a distinct  age,  hence 
the  Montehermosan  and  Chapadmalalan , respectively.  Recently,  Pascual 
et  al.  (1966),  and  Pascual  and  Odreman  Rivas  (1971,  1973)  restudied 
the  faunas  of  the  Chapadmalal  and  Monte  Hermoso  Formations.  They 
found  them  to  differ  less  than  had  usually  been  believed  (Ameghino, 
1888,  1889,  1904;  and  L.  Kraglievich,  1934),  and  proposed  that  the 
Chapadmalal  Formation  be  included  within  the  Montehermosan  Age. 

Simpson  (1972:4)  recommended  retention  of  the  designation  Chapad- 
malalan, not  in  confirmed  opposition  to  the  views  of  Pascual  and  his 
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fellow  workers,  but  simply  because  no  one  has  yet  reanalysed  the 
meticulous  work  of  L.  Kraglievich  (193^)  on  which  the  supposed 
distinction  mainly  rests. 

III.  Mesopotamian  Area.  A 1 ate-Tert i ary  (Pliocene)  vertebrate 
fauna  of  "mixed"  character  has  been  collected  from  sediments  along 
the  east  bank  of  the  Rio  Parana,  near  the  city  of  Parang,  Entre  Rios 
Province,  Argentina.  The  predominant  faunal  elements  indicate  a 
Huayquerian  age,  but  there  are  rare  forms  that  might  be  reworked 
from  older  deposits  of  Santacrucian  and/or  Chasicoan  age,  and  a few 
others  which  are  representatives  of  Montehermosan  age  (Pascual  and 
Odreman  Rivas,  1971  :**04). 

The  foss i 1 i ferous  beds  in  this  area  have  received  numerous  names 
and  the  applied  nomenclature  is  confusing  and  disputed  (see  Reig, 
1957:224;  Bianchini  and  Bianchini,  1971:3)-  Basically  there  appears 
to  be  a mixture  of  marine  and  terrestrial  facies.  The  name  "Entrer- 
riense"  has  generally  been  applied  to  the  somewhat  younger  marine 
facies,  which  contain  some  terrestrial  vertebrates,  while  the  pre- 
dominant fluviatile  facies  has  been  generally  included  under  the 
name  "Mesopotami ense"  (Pascual  and  Odreman  Rivas,  1 97 1 : 404 ) . Accord 
i ng  to  Pascual  and  Odreman  Rivas  (1973,  chart  opposite  p.  318)  fos- 
siles  from  the  "Entrerr iense"  are  generally  correlated  with  beds  of 
Montehermosan  age,  while  fossils  from  the  older  "Mesopotamiense"  are 
tentatively  correlated  with  Huayquerian  faunas.  There  are  no  rele- 
vant radiometric  dates  or  geomagnetic  correlations  yet  available, 
and  most  faunas  studies  are  in  need  of  revision. 

In  this  study  (Fig.  2)  I have  followed  the  faunal  correlations 
proposed  by  Pascual  and  Odreman  Rivas  (1973),  except  for  recognizing 
a separate  Chapadma 1 a 1 an  Age  (upper  part  of  Montehermosan  Age  of 
Pascual  and  Odreman  Rivas),  following  the  reasonable  recommendations 
to  do  so  as  outlined  by  Simpson  ( 1 972 : 4 ) . 

SYSTEMATICS 

In  recent  years  it  has  been  practice  to  include  all  large  South 
American  predaceous  marsupials  in  one  family,  the  Borhyaen i dae . 

There  has  been,  however,  debate  about  the  affinities,  classification 
and  subdivision  of  this  group.  These  issues  are  summarized  by  Simp- 
son (1948:38) . It  is  generally  accepted  that  the  Borhyaenidae  e- 
volved  in  South  America  from  didelphld-l ike  ancestors.  The  family 
has  been  conveniently  divided  into  two  subfamilies,  the  diverse  dog- 
like Borhyaeninae  and  the  rarer  saber-tooth  Thy  1 acosmi 1 i nae  (Simpson 
1971:113)-  The  family  Borhyaenidae  was  at  one  time  included  in  its 
own  superfamily  Borhyaenoidea  {e.  g.  Simpson,  1945:42)  , although 
that  same  author  has  recently  (1971:113)  opted  for  placing  the  Bor- 
hyaenidae in  the  D i de 1 phoi dea . 

During  my  study  of  borhyaenids  it  became  evident  that. this  clas- 
sification no  longer  adequately  expresses  the  phylogenetic  relation- 
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ships  or  diversity  of  the  group.  I choose  to  elevate  the  subfamilies 
Borhyaeninae  and  Thy  1 acosmi 1 i nae  to  full  family  rank  and  place  them 
in  their  own  superfamily  Borhyaenoidea . 

Justification  for  this  arrangement  stems  from  several  lines  of 
evidence.  First,  the  differences  between  the  borhyaenids  and  thyla- 
cosmilids  are  equal  to  or  even  greater  than  that  existing  between 
recognized  families  of  placental  mammals. 

Secondly,  within  the  borhyaenids  there  exists  greater  diversity 
than  previously  recognized.  Several  lines  of  evolution  within  this 
group  can  be  confidently  traced  in  the  fossil  record,  and  they  warrant 
recognition  at  the  subfamily  level.  The  differences  between  these 
subfamilies,  which  are  real  and  can  be  demonstrated,  are  less  than 
those  existing  between  them  and  thy  1 acosmi 1 ids . 

Thirdly,  the  Borhyaenidae  and  Thylacosmi 1 idae  are  placed  in  the 
superfamily  Borhyaenoidea  as  they  clearly  represent  an  evolutionary 
unit  distinct  from  the  D i del pho i dea . There  is  every  reason  to  believe 
that  thylacosmi 1 ids  evolved  from  borhyaenids  or  from  a borhyaen i d- 1 i ke 
ancestor. 

Lastly,  the  present  classification  better  expresses  the  diversity 
of  this  group,  and  by  extension,  the  Marsupial ia.  Evidence  support- 
ing these  assertions  will  appear  in  a comprehensive  review  of  the 
Borhyaenidae  which  is  now  in  preparation  (Marshall,  ms.). 


Superorder  MARSUP  I AL I A IHiger,  1 8 1 1 : 75 
Order  MARSUP I CARN I VORA  Ride,  1964:99 


Diagnos i s . - 

of  sma 1 1 to 
either  very 
Lunar  smal 1 
rostrum  and 


Superfamily  BORHYAENOIDEA  Simpson,  1930:9 

South  American  predaceous  marsupials 


i?-;  c1 


P?'?  H? 


0-3  'I  '2-3  4 

large  size.  Lack  palatal  vacuities.  Transverse  canal 
reduced  or  absent.  Strong  sagittal  and  nuchal  crests, 
and  in  contact  with  large  magnum.  Lacrimal  extends  onto 
usually  has  large  tuberosity  developed  above  lacrimal 


canal.  Lacrimal  canal  opens  within  orbit. 


Family  BORHYAENIDAE  Ameghino,  1894:371 
3-4  1 3 4 

D i agnos  i s . --  U P^  M^.  Small  to  large  size.  Rostrum  usually 

robust  and  well  developed.  Upper  and  lower  canines  laniary  and  usually 
with  closed  pulp  cavities  in  adults.  Mandibular  symphysis  usually 
shallow  (may  be  fused  or  unfused  in  adults)  and  without  flange.  Man- 
dibular ramus  of  subequal  depth  and  breadth  below  molar  series,  and 
without  distinct  labial  bend  posteriorly  along  ventral  edge.  Masseteric 
fossa  shallow.  Premolars  all  double  rooted.  Molars  usually  increase 
rapidly  in  size  from  M to  M^.  Protocone  moderate  or  reduced.  .Para- 
cone  often  reduced,  ana  paracone  and  metacone  approximated  on  M 
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Talonids  large  or  reduced  and  often  imperfectly  or  not  basined. 
Metaconids  usually  absent  and  always  smaller  than  paraconids.  Naso- 
lacrimal contact  broad.  Nasals  large  and  expanded  posteriorly. 

Orbit  open  posteriorly.  Basicranial  and  basifacial  planes  parallel. 
Entep i condy 1 a r foramen  present. 

Distribution .--Beds  of  Riochican  (late  Paleocene)  through  Monte- 
hermosan (late  Pliocene)  age;  Argentina,  Bolivia,  Brazil,  and  Co- 
lombia, South  America. 

Family  THYLACOSM I L I DAE  (Riggs,  1933=65)  Marshall,  1976 

D i agnos is.  — I q cj  P^  M^.  Large  size  with  massive  facial  region 

and  short  cranium.  Upper  canines  large,  deeply  anchored,  ever- 
growing sabers.  Deep-wide  symphyseal  flange  on  mandibular  ramus 
medial  to  upper  canine.  Upper  molars  lack  stylar  shelf.  Protocone 
absent  although  anterol i ngua 1 root  present  and  well  developed.  Naso- 
lacrimal contact  absent.  Superior  branch  of  maxillary  greatly  in- 
flated to  accommodate  large  bases  of  upper  canines  which  extend 
backward  between  orbits  to  meet  at  mid-line  of  skull.  Nasal  bones 
long,  attenuated  and  laterally  compressed.  Occipital  condyles 
strongly  projecting.  Prominent  pair  of  tubercles  developed  on 
bas i sphenoi d . Parocciptial  process  hyperdeveloped . Auditory  bulla 
present  and  moderately  inflated.  External  auditory  meatus  "enclosed" 
ventral ly  by  contact,  but  not  fusion,  of  mastoid  process  with  basi- 
facial region.  Mandibular  ramus  shallow  below  posterior  molars,  be- 
coming deeper  and  narrower  anteriorly.  Ventral  border  of  mandibular 
ramus  with  distinct  labial  bend  becoming  pronounced  posteriorly.  Lin- 
gual face  of  ramus  with  distinct  labial  bend,  becoming  larger  pos- 
teriorly. Lingual  face  of  ramus  below  M,_  ^ convex,  labial  face  con- 
cave . Masseteric  fossa  restricted,  but  aeep.  Lower  molars  narrow 
transversely,  with  paraconid,  protoconid  and  talonid  cusp  nearly 
aligned  anteroposter ior 1 y (protoconid  tends  to  lie  slightly  labiad 
of  other  two  cusps).  Metaconid  absent.  Talonid  cusp  similar  in  size 
and  shape  to  paraconid  on  anterior  molars.  Entep i condy 1 ar  foramen 
absent.  Forefeet  digitigrade,  hindfeet  plantigrade. 

Distribution .--Beds  of  Huayquerian,  Montehermosan  and  Chapadmal a 1 an 
Age;  Catamarca,  Buenos  Aires,  Entre  Rios  and  La  Pampa  Provinces,  Ar- 
gentina, South  America. 

Aahlysiatis  Ameghino,  1 891a: 147 

Achlysictis  Ameghino,  l891a:l47;  L.  Kraglievich,  1934:61. 
Aerohyaenodon  Ameghino,  1904:267;  L.  Kraglievich,  1934:62;  Ringuelet, 
1966:54. 

Type  Species .--A.  lelongi  Ameghino,  1 891a: 147. 

Diagnosis . --Dent i t i on  smaller  than  Thylaoosmiius  or  Hyaenodonops . 

Deep  pit  at  anterior  edge  of  masseteric  fossa.  Talonid  cusp  large 
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and  similar  in  size  and  structure  to  paraconid  on  anterior  molars. 
Talonid  cusp  on  M,  about  half  size  of  paraconid,  and  on  about  one 
quarter  size  of  paraconid.  Small  anterobasal  cingulum  becomes  pro- 
gressively larger  from  to  M^. 

Distribution. --Beds  of  Montehermosan  and  possibly  Huayquerian  age, 
Entre  Rfbs  and  Buenos  Aires  Provinces,  Argentina. 

Aehlysietis  lelongi  Ameghino,  1891a:  147 

(Fig.  3;  Table  1) 

Aehlysietis  lelongi  Ameghino,  1 89 la:  1^7,  Fig.  52  (partim) ; 1 89 1 b : 2^+9 ; 
1898:190,  Fig.  55d ; L.  Kraglievich,  1934:61;  J.  L.  Kraglievich 
and  Reig,  1954:212. 

Type . --MACN  5892,  a fragment  of  a right  mandibular  ramus  with  alveoli 
of  M_  and  M,  1 complete,  but  worn.  Figured  by  Ameghino,  1891a,  Fig. 
52;  T898,  Fig.  55d. 

Referred  Specimens ■ --MACN  9163,  an  isolated  right  M_ ; MACN  4070,  a 
fragment  of  a right  mandibular  ramus  with  roots  of  n-^;  and  possibly 
MACN  2549,  a fragment  of  a right  upper  canine. 

Horizon  and  Localities. — All  four  specimens  were  collected  from  near 
the  city  of  Parana,  Entre  Rios  Province,  Argentina.  MACN  9163  is 
labeled  "Entrerr i ano" , and  MACN  2549  is  labelled  "Horizonte  Mesopo- 
tamiense";  the  other  two  specimens  lack  specific  stratigraphic  data. 

Age . --Huayquer i an  and  possibly  Montehermosan. 

D i agnos i s . — Slightly  smaller  than  Aehlysietis  pungens. 

Measurements .--Table  1.  MACN  5892,  depth  of  mandibular  ramus  below 
labial  side  of  M2  = 30.0  mm,  breadth  of  same  = 11.5  mm;  depth  of 
mandibular  ramus  below  labial  side  of  M,  = 25.0  mm,  breadth  of  same 
= 10.0  mm;  length  of  = 33-2  mm. 

Comments .--Aehlysietis  lelongi  was  referred  by  Ameghino  (1891a: 147) 
to  the  Creodonta,  family  Hyaenodont i dae . L.  Kraglievich  (1934:61) 
later  placed  it  in  the  marsupial  family  Borhyaen idae , and  more  spe- 
cifically in  the  subfamily  Proborhyaen i nae , following  the  subdivision 
of  the  family  proposed  by  Cabrera  (1927:273). 

The  type  (MACN  5892)  was  collected  by  Sr.  Leon  Lelong  of  Parana 
and  sold  to  the  MACN  in  1886.  It  was  later  described  and  figured  by 

Ameghino  ( 1 89 1 a : 1 47 , Fig.  52).  In  1924  the  MACN  acquired  an  isolated 
right  M2  (MACN  9163)  from  the  type  locality.  This  tooth  fits  into 
the  alveoli  of  the  type  and  the  broken  surfaces  of  the  roots  inter- 
lock perfectly.  There  is  no  doubt  that  they  represent  one  and  the 
same  specimen. 
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L.  Kraglievich  ( 1 93^ : 62 ) recorded  a fragment  of  a right  canine 
(MACN  2549)  which  he  tentatively  associated  with  Aahlysiatis  or  Stylo- 
cynus.  According  to  the  MACN  register  this  specimen  was  collected 
from  the  "Barrancas  del  Rio  Parana,  Entre  Rios  Formacion,  Entrerriano" 
L.  Kraglievich  (1934:62)  referred  to  an  illustration  of  this  canine 
although  the  figure  was  not  given.  This  figure  has  since  been  publish 
ed  by  his  son,  J.  L.  Kraglievich,  (1960:67,  Fig.  5),  and  the  fossil 
was  compared  with  canines  of  Notosmilus  pattersoni  and  Thylaaosmilus 
avrox.  The  measurements  presented  by  J.  L.  Kraglievich  (1960:70) 
clearly  show  that  MACN  2549  is  similar  in  size  to  N.  pattersoni  and 
considerably  smaller  than  T.  atrox.  Affinities  of  this  tooth  with 
Notosmilus  were  suggested. 

In  reference  to  the  work  of  L.  Kraglievich  (1934:62),  Riggs  and 
Patterson  (1939:149)  noted,  "this  specimen  [MACN  2549]  is  a canine  of 
ThLylacosmilus , or  of  some  closely  related  genus  as  yet  unknown".  This 
tooth  might  be  referable  to  A.  lelongi,  and  because  of  the  proximity 
of  their  localities  I have  tentatively  referred  it  to  that  species. 

It  must  be  remembered,  however,  that  reference  of  this  specimen  to 
Thylaaosmilus  or  even  h lotosmilus  cannot  be  completely  dismissed. 

The  type  of  A.  lelongi  (MACN  5892,  by  its  association  with  MACN 
9163)  was  collected  from  the  "Entrerriano"  horizon,  which  is  consid- 
ered early  Montehermosan  in  age,  while  MACN  2 5^+9  was  collected  from 
the  "Mesopotami ense"  horizon,  which  is  of  Huayquerian  age  (see  Pascual 
and  Odreman  Rivas,  1973:318).  If  MACN  2549  is  indeed  referable  to  A. 
lelongi  then  this  species  ranges  from  Huayquerian  through  early  Monte- 
hermosan, a range  similar  to  that  of  Thylaaosmilus  atrox  (see  below). 

In  the  original  description  of  A.  lelongi  Ameghino  ( 1 89 la)  refer- 
red a "penultimate"  upper  molar  to  this  species  and  gave  its  measure- 
ments. This  specimen  (MACN  5893),  a fragment  of  a right  maxilla  with 
M , roots  of  M'  and  posterior  alveoli  of  p3 , is  in  fact  referable  to 
Stylocynus  paranensis . Although  Ameghino  mentions  this  specimen  first 
in  his  description  of  A.  lelongi , he  distinctly  indicated  in  his  cata- 
logue that  the  ramus  fragment  (MACN  5892),  which  he  also  figured,  was 
the  type. 

Aahlysictis  pungens  (Ameghino,  1 9 0A  : 26 7 ) 

(Fig.  4 ; Tab  1 e 1 ) 

Acrohyaeondon  pungens  Ameghino,  1904; 267;  Rovereto,  1914:150,  Fig. 

66;  L.  Kraglievich,  1934:62;  Riggs,  1934:3;  Ringuelet,  1966:54, 
PI.  13,  fig-  A (partim) . 

Acrohyaenodon  f ungens  (sia)  Rovereto,  1914:150,  caption  to  Fig.  66. 

Type  and  Only  Spec imen . --MACN  7916,  two  isolated  right  lower  molars, 

M^  and  M^ , of  same  individual. 

Horizon  and  Loca 1 i ty . --Monte  Hermoso,  type  locality  of  Montehermosan, 
Buenos  Aires  Province,  Argentina. 
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Fig.  3-  Aahlysiotis  lelongi  Ameghino,  1891a:  11*7.  Type,  MACN  9892, 
a fragment  of  a right  mandibular  ramus  with  alveoli  of  M_  and  H,  ^ 
complete,  but  worn;  and  MACN  9163,  in  isolated  right  M2  (same 
specimen  as  MACN  5892):  a,  labial;  b,  occlusal;  and  c,  lingual  views. 

Scale  = 1 cm. 
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Table  1.  Cheek  tooth  measurements  of  species  of  Thy  1 acosmi 1 i dae . 


Specimen  Ml 

L 

W 

M2 

L 

W 

M3 

L 

W 

M4 

L 

w 

Lower  dent i t i on 

Achlysictis  lelongi 

MACN  5892 

11.3 

5.0 

12.4 

5.8 

MACN  9163 

. . . 

10.0 

4.0 

.... 

... 

.... 

... 

A.chlysictis  prangens 

MACN  7916 

10.0 

4.3 

12.8 

5.9 

Hyaenodonops  ohapalmalensis 

MACN  6639  

13-5 

6.0 

Thylacosmilus  atrox 

••FMNH  P14344  9-9 

4.4 

1 1 . 8 ca 

5.1 

14.6 

7-0 

16.4 

7.4 

Upper  dentition 

Thylacosmilus  atrox 
••'••FMNH  PI  453 1 1 5 • 6ecz 

9-1 

15.4 

10.7 

20.0 

11.8 

7.7 

8.8 

(r) 

*FMNH  PI 4531  

16.7 

8.9 

(1) 

FMNH  P 1 4474  11.5 

7-2 

15.7 

9.0 

16.0 

9.2 

7-7 

5.6 

j. 

Measurements  courtesy 

of  Dr . 

. W.  D. 

Turnbul 1 . 

Age . --Montehermosan . 

Diagnosis.--Sl ightly  larger  than  Achlysictis  lelongi  (see  Table  1). 

Descr i pt i on . --The  teeth  are  of  a young  individual,  the  cusps  are 
sharp  and  there  is  only  slight  indication  of  occlusal  wear.  The 
postero! i ngual  edges  of  both  teeth  are  missing. 

Comments .--In  the  transverse  narrowness  of  the  molars,  structure  of 
the  talonid,  and  orientation  of  the  paraconid,  protoconid  and  talon- 
id  cusp  in  a single  anteroposterior  axis,  this  species  is  virtually 
identical  to  A.  lelongi.  A.  p ungens  is  slightly  larger  than  A.,  le- 
longi in  three  of  the  four  dimensions  compared  in  Table  1.  These 
differences  are  insignificant  and  of  dubious,  if  any,  taxonomic 
value.  These  species  will  probably  prove  synonymous  when  better 
known . 


There  was  no  trace  in  the  MACN  collection  of  the  fragmentary 
mandibular  ramus  containing  the  M^  noted  oy  Ameghino  (1904:267). 
The  mandibular  ramus  fragment  and  the  M^  were  surely  separated 
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before  191^  when  Rovereto  (1914,  Fig.  66)  figured  the  and  M^  as 
they  now  appear. 


Fig.  k.  Achlysictis  pungens  (Ameghino,  1 904 : 267 ) - Type,  MACN  7916, 
two  isolated  lower  molars,  M^  and  M^.  a-c , M^ : a,  labial;  b,  lingu- 
al; and  c,  occlusal  views.  d-f,  M^ : d,  labial;  e,  lingual;  and  f, 
occlusal  views.  Scale  = 1 cm. 

The  left  M,  (part  of  MACN  6203-6265)  figured  by  Ringuelet  (1966, 
PI.  13.  fig.  A,  far  right)  was  erroneously  referred  to  this  species. 
It  is  a specimen  of  Borhyaena  tuberata  (family  Borhyaen i dae) , and  is 
from  the  Santa  Cruz  Formation  (Santacruc ian-midd 1 e Miocene)  at  La 
Cueva,  Santa  Cruz  Province,  Argentina. 

Achlysictis  paranensis , erected  by  Ameghino  (1886:11)  on  an  iso- 
lated right  lower  canine  (MACN  cast  1503),  was  correctly  referred 
by  L.  Kraglievich  (1934:61)  to  the  procyonid  genus  Cyonasum  (Order 
Carnivora).  J.  L.  Kraglievich  and  Reig  ( 1 954  : 2 1 2)  suggested  that 
this  species  is  probably  synonymous  with  Cyonausa  argentina. 
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Hyaenodonops  Ameghino,  1 9 08 : 4 2 3 

Hyaenodonops  Ameghino,  1908:423;  L.  Kraglievich,  193^+ : 62 . 

Type  Species .--Hyaenodoncvs  chapalmalensis  Ameghino,  1908:423. 

D i agnos i s . --Same  as  for  the  type  and  only  known  species. 

Distribution. --Chapadma 1 a 1 Formation,  Buenos  Aires  Province, 
Argent i na . 


Hyaenodonops  chapalmalensis  Ameghino,  1908:423 
(Fig.  5;  Table  1) 

Hyaenodonops  chapalmalensis  Ameghino,  1908:423;  Rovereto,  1914:185, 
Fig.  71;  L.  Kraglievich,  1934:62;  Riggs,  1934:3;  Re i g , 1958b: 

28l ; J.  L.  Kraglievich,  1960:63- 

?Acrohyaenodon  chapalmalensis  Reig,  1958a: 249. 

Type  and  Only  Spec i men , - -MACN  6639,  an  isolated  left  , lacking 
t i p of  protoconid. 

Horizon  and  Loca 1 i ty ■ --Chapadma 1 al  Formation  south  of  Mar  del  Plata, 
Buenos  Aires  Province,  Argentina. 

Age . --Chapadma 1 a I an . 

D i agnos is.--Sl ightly  smaller  than  Thylacosmilus  atvox.  M^  trans- 
versely narrow.  Paraconid  about  half  size  of  protoconid.  Talonid 
reduced  to  tiny  basal  cuspule.  Anterobasal  cingulum  absent. 

Descr i pt i on . --The  tooth  is  deeply  worn  and  only  the  tip  of  the  proto- 
conid is  actually  broken.  Lingual ly  a small  ridge  connects  the 
talonid  cuspule  with  the  posterior  face  of  the  protoconid.  The  roots 
are  curved  sharply  in  a posterior  direction.  Their  bases  are  bulbous 
and  covered  with  large  nodular  rugosities.  The  posterior  deflection 
of  the  roots  suggests  a shallow  mandibular  ramus  below  the  posterior 
molars,  as  is  seen  in  specimens  of  Thylacosmilus  and  Achlysictis. 

Comments . --Amegh i no  (1908:423)  originally  referred  Hyaenodonops  chap- 
almalensis to  the  Creodonta,  and  Rovereto  (191^:185)  later  included 
it  in  the  family  Hyaenodon t i dae . Riggs  (193^:6)  commented  that  in 
structure  of  the  lower  part  of  the  narrow  cleft  separating  protoconid 
from  paraconid  and  in  the  reduced  talonid  this  species  was  similar  to 
borhyaen i ds . 

Reig  (l958a:249)  published  a faunal  list  of  vertebrate  taxa  of 
the  Chapadmalal  Formation,  and  within  the  Thy  1 acosmi 1 inae  recorded 

"C-en.  et  sp.  nov.  ' ?Acrchyaenodon  chapalmalensis)" . He  later  (1958b: 
28l)  noted,  "No  encuentro  ningun  argumento  de  valor  para  diferenciar 
e!  molar  inferior  t i po  de  la  especie,  del  genero  Acrohyaenodcn  de 
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Fig.  5-  Hyaenodonops  chapalmalensis  Ameghino,  1908: **23.  Type, 

MACN  6639,  an  isolated  left  M^ , almost  complete:  a,  occlusal;  b, 

labial;  and  c,  lingual  views.  Scale  = 1 cm. 

Monte  Hermoso  y al  parecer  tambien  del  PI ioceno  del  Valle  de  Santa 
Maria,  al  que  creo  que  habria  que  transferir  la  especie  en  caso  que 
materiales  futuros  confirmen  su  validez." 

J.  L.  Kraglievich  (1960:63)  was  also  impressed  with  the  simi- 
larity between  Hyaenodonops  and  Acrohyaenodon.  "Creo  que.  por  el 
tamalTo  y caracteres  de  este  diente  [ H . chapalmalensis]  , no  es  po- 
sible,  razonabl emente , separar  el  ejemplar  de  Acrohyaenodon  pungens 
ya  que  las  escasas  diferencias  que  se  advierten,  son  asignabies  a 
la  edad  individual  y al  diferente  estado  de  conservacion . Es  muy 
probable  que  Hyaenodonops,  al  me nos , deba  pasar  a la  sinonomia  de 
Aavohyaenodon , que,  como  dije,  es  un  verdadero  Borhyaen i nae . " 

The  transverse  narrowness  of  M^ , broad  lingual  basin  separating 
paraconid  and  protoconid,  reduction  of  talonid  to  a single  basal 
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cuspule,  and  posterior  bend  of  roots,  all  show  this  tooth  is  from  a 
thy  1 acosmi 1 id , and  a form  not  very  different  from  Thylacosmilus 
at pox.  These  taxa  differ  from  species  of  Achlysictis  in  having  a 
paraconid  about  half  the  size  of  the  protoconid,  in  lacking  an  antero- 
basal  cingulum,  and  in  having  a tiny  posterobasal  talonid  cuspule. 

H.  y-'iapalmalensis  might  represent  a direct  descendant  of  T.  atvox. 

L.  Kraglievich  (193^:62)  reported  that  a left  ulna  lacking  the 
distal  and  proximal  ends  (MACN  172^9)  from  the  Chapadmalal  Formation 
near  Miramar  might  be  referable  to  H.  chapalmalensis . Measurements: 

L = 99-0  mm;  anteroposterior  diameter  of  semilunar  notch  = 22.0  mm. 

A second  specimen  from  the  same  locality  consists  of  a complete 
right  radius  (MACN  17250)  measuring  111.0  mm  in  length.  Both  of 
these  specimens  are  similar  to,  but  smaller  than,  elements  of  Pvo- 
thylacynus  vatagonicus  figured  by  Sinclair  (1906).  They  are  certain- 
ly referable  to  the  Borhyaenoi dea , although  owing  to  a lack  of  as- 
sociated dental  elements  generic  and  even  familial  affinities  are 
uncerta i n . 


Notosmilus  J.  L.  Kraglievich,  1960:55 
Notosmilus  J.  L.  Kraglievich,  1950:55. 

Type  Species .--Notosmilus  pattevsoni  J.  L.  Kraglievich,  1960:56. 

D i agnos i s . --Same  as  for  the  type  and  only  known  species. 

Distribution. --Chapadma 1 a 1 Formation,  Buenos  Aires  Province,  Argen- 
tina. 


Notosmilus  pattevsoni  J.  L.  Kraglievich,  1960:56 

(Table  1) 

Notosmilus  pattevsoni  J.  L.  Kraglievich,  1960:56,  Figs.  1,  3;  Ringue- 
let,  1966:57,  PI.  10,  figs.  D - H ; Simpson,  1971:112. 

Type  and  Only  Spec i men . --MMP  S - 48 9 , a fragment  of  a right  maxilla 
with  root  of  canine  and  loose,  but  associated,  tip  of  a right  canine. 

Horizon  and  Loca 1 i ty ■ --Leve 1 VI  or  VII  of  the  Chapadmalal  Formation, 
Barranca  de  los  Lobos , near  Miramar,  Buenos  Aires  Province,  Argen- 
tina. 

Age . --Chapadma 1 a 1 an . 

D i agnos i s . --About  one  half  the  size  of  Thylacosmilus  atvox. 

Descr i pt ion . --See  J.  L.  Kraglievich  (I960). 


Comments . --The  large  saber-like  upper  canine  with  a prominent  keel 
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extending  along  its  outer  surface;  large  inflated  maxilla;  and 
rudimentary  nasals  indicate  that  the  type  of  A".  pattersoni  (MMP 
S-^89 ) is  part  of  a thy  1 acosmi 1 id . All  of  these  features  agree 
with  Thylaaosmilus  atrox.  When  the  type  of  N.  pattersoni  is  super- 
imposed over  the  left  canine  of  the  type  of  T.  atrox  figured  at 
half  natural  size  by  Riggs  (193^:17.  fig-  2),  the  two  specimens  are 
virtually  identical  in  every  detail. 

Apart  from  size  the  only  difference  is  in  structure  of  the  distal 
end  of  the  upper  canine.  In  specimens  of  T.  atrox  the  canine  is 
relatively  straight  throughout  its  length,  while  in  N.  pattersoni  a 
distinct  lingual  bend  occurs  near  the  tip.  Possibly  this  feature 
is  a function  of  age,  with  the  specimens  of  T.  atrox  representing 
adults,  and  the  type  of  N.  pattersoni  a juvenile.  The  curvature  of 
the  distal  end  of  the  canine  might  be  functionally  advantageous  in 
a young  animal,  and  with  age  the  tips  become  worn  and  the  tooth  at- 
tained the  linear  shape  seen  in  adults.  Potential  for  such  a change 
exists,  as  the  upper  canines  of  thy  1 acosm i 1 i ds  are  evergrowing.  The 
size  difference  between  T.  atrox  and  N.  pattersoni  might  thus  be  a 
factor  of  age.  Until  more  complete  specimens  of  N.  pattersoni  and 
unquestionable  juvenile  individuals  of  T.  atrox  are  found  this  point 
must  remain  speculative. 

The  only  other  species  of  thylacosmi 1 id  named  from  the  Chapadmalal 
Formation  is  Hyaenodonops  ohapalmalensis , known  only  by  its  type 
(MACN  6639),  an  isolated  left  M^ . Currently  direct  comparison  of  N. 
pattersoni  and  H.  ohapalmalensis  is  impossible  and  conceivably  these 
species  might  prove  synonymous. 

In  the  original  description  of  N.  pattersoni  J.  L.  Kraglievich 
(I960)  referred  a second  specimen  to  this  species,  MMP  S - 75 1 , de- 
scribed as  a fragment  of  a right  maxilla  of  a very  young  individual 
with  DC^  and  apical  portion  of  the  erupting  c'.  This  specimen  was 
collected  from  level  I I I of  the  Chapadmalal  Formation,  Barranca  de 
los  Lobos , first  point  to  the  northeast  of  Baliza  Caniu,  Chapadmalal. 
MMP  S-571  is  definitely  not  a thy  1 acosmi 1 i d or  even  a marsupial;  its 
affinities  are  not  certain.  The  canines(?)  lack  both  the  transverse 
compression  and  keel  along  the  outer  surface  that  are  characteristic 
of  Thylaaosmilus.  The  maxillary(?)  is  not  swollen  as  occurs  in  T. 
atrox  and  the  type  of  N.  pattersoni.  Lastly,  deciduous  canines  are 
unknown  in  marsupials. 

What  features  are  preserved  in  MMP  S-571  suggest  affinities  with 
the  Order  Carnivora,  although  more  specific  identification  is  not 
possible  at  this  time.  The  two  canines(?)  are  oval  in  cross-section 
as  is  typical  in  living  and  fossil  Carnivora.  However,  these  teeth 
may  not  represent  DCl  and  C' , but  Dl^  and  |3,  or  even  (but  less 
likely)  DC  ^ and  C j . 

J.  L.  Kraglievich  ( 1 960 : 64 , Fig.  k)  described  and  figured  a 
nearly  complete  left  ulna  (MACN  10956)  from  the  Chapadmalal  Forma- 
tion (level  IX  and  X)  which  he  referred  to  of.  Notosmilus.  Judging 
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from  Krag 1 i ev i ch ' s description  and  figure,  this  bone  is  similar  to 
elements  of  3orhyaena  figured  by  Sinclair  (1906),  supporting  its  bor- 
hyaenid  or  thy  1 acosm i 1 i d affinities.  Direct  comparison  of  MACN  10956 
with  unquestionable  thy  1 acosm i 1 i d ulnae  is  not  yet  possible.  This 
specimen  might  prove  referable  to  Hyaenodcmops  chapalmalensis , the 
other  named  thy  1 acosm i 1 i d in  the  Chapadmalal  Formation. 

Thylacosmilus  Riggs,  1933=61 

Thylacosmilus  Riggs,  1933=61;  1934=3- 

Type  Species .--Thylacosmilus  atrox  Riggs,  1933=62. 

D i agnos i s . --Same  as  for  the  type  and  only  known  species. 

Distribution.--Beds  of  Huayquerian  and  Montehe rmosan  age;  Catamarca 
and  La  Pampa  Provinces,  Argentina. 

Thylacosmilus  atrox  Riggs,  1933=52 

(Table  1) 

Thylacosmilus  atrox  Riggs,  1933  = 62,  Fig.  6;  193**  = **,  Figs.  1-4,  Pis. 
1-8;  Riggs  and  Patterson,  1939=149;  Scott,  1937.  Figs.  411, 

412;  Schultz  et  al.,  1970,  Fig.  10;  Turnbull,  1976,  Figs.  1-5; 

In  press;  Zetti,  1972:20-21. 

Thylacosmilus  lentis  Riggs,  1933=62;  1934=5,  PI.  4,  figs.  1,  3; 

Riggs  and  Patterson,  1939=149. 

Type . --FMNH  P 1 453 1 > a nearly  complete  skull  and  associated  partial 
ske 1 eton . 

Pa ratype . --FMNH  P 1 4344 , an  associated  cranium,  mandibular  ramus,  hind 
leg,  and  tarsals. 

Referred  Spec imens . --FMNH  P 1 44 74  (=  MLP  35 -X— 4 1 - 1 ) , a partial  skull 
with  dentition.  MLP  3 1 —X 1-12-4,  a nearly  complete  isolated  left 
upper  canine;  and  MLP  65~V  I I -29 “4 1 , greater  part  of  a right  ramus 
with  P2‘M-j  broken  and  alveoli  of  M^  , and  anterior  half  of  a skull 
with  roots  of  cheek  teeth  on  right  side  (this  specimen  was  restored 
extensively  with  plaster). 

Horizon  and  Loca 1 i t ies . --A1 I FMNH  specimens  are  from  Catamarca  Pro- 
vince, Argentina.  FMNH  PI  4531  and  PI  4474  are  from  stratum  XX  of  the 
Corral  Quemado  Formation  at  Huai  fin  near  Puerta  del  Corral  Quemado 
in  the  Department  of  Bel^n;  FMNH  P 1 4344  is  from  stratum  XIX  of  the 
Andalgala  Formation  near  Chiquimil,  Department  of  Santa  Maria  (see 
Riggs  and  Patterson,  1939=144  for  precise  stratigraphic  data).  These 
specimens  were  collected  by  members  of  the  Second  Marshall  Field 
Paleontological  Expedition  to  Catamarca.  MLP  31 —XI  — 1 2—4  is  labeled 
"Araucanense , Catamarca"  and  was  collected  by  A.  Cabrera  in  1930. 
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It  is  probably  from  the  Andalgala  Formation  (=  Araucanense)  although 
the  exact  level  of  collection  is  not  surely  known.  MLP  65 -VI  I -29 - ^ 1 
is  from  the  Epecuen  Formation,  Salinas  Grandes  de  Hidalgo,  La  Pampa 
Province,  Argentina  and  was  collected  by  R.  Pascual , E.  Ortega  and 
E.  P.  Tonni  in  1 965  - 

Age . --Huayquer i an  and  Montehermosan. 

D i agnos i s . --Large  size.  Anterior  edge  of  masseteric  fossa  without 
deep  pit.  Talonid  small  and  reduced  to  tiny  posterobasal  cuspule  on 
M . Anterobasal  cingulum  absent. 

Description . --See  Riggs  (1933,  193*0  for  a discussion  of  the  osteology, 
and  Turnbull  (1976)  for  a discussion  of  the  cranial  myology. 

Measurements .--Table  1.  FMNH  PI  4^7^ , L of  h'  ^ = 44.0  mm,  L of  P^-tP, 

= 63-5  mm;  FMNH  P14344,  L of  M^  = 52.5  mm;  FMNH  Pl4531(r),  L of  M 
= 59-**  mm,  maximum  breadth  X width  of  canine  at  point  100.0  mm  from 
tip  of  crown  = 29-5  X 13-2  mm;  MLP  31-XI-12-4,  L of  canine  = 152.0  mm, 
maximum  breadth  X width  at  point  100.0  mm  from  tip  of  crown  = 31.0  x 
10.5  mm;  MLP  65"V  I I -29-4l  , maximum  transverse  breadth  of  condyloid 
process  of  jaw  = 24.5  mm,  depth  of  ramus  below  labial  side  of  M^  = 

37-0  mm,  same  below  M„  = 29-0  mm,  same  below  M,  - 27.0  mm,  L of  P?-M, 

= ca.  *1*4.2  mm,  L of  = ca'  57-0  mm. 

Comments . --R i ggs  (1933*62)  described  two  species  of  Thylacosmilus . T. 
atroXj  the  larger, ^was  diagnosed  as  having  a skull  length  of  260.0  mm, 
a single  toothed  P , double-rooted  p3  , and  the  frontals  not  entering 
into  formation  of  the  sagittal  crest.  T.  lentis  was^d i agnosed  as 
having  a skull  length  of  197-0  mm,  a s i ng 1 e-rooted  P grooved  on  its 
lateral  and  lingual  surfaces,  a p3  with  two  lateral  roots  and  a vestige 
of  a lingual  root,  and  the  frontals  entering  into  formation  of  the 
sagittal  crest. 

The  characters  used  to  distinguish  these  species  are  of  dubious 
taxonomic  value  as  they  possibly  represent  variations  attributable  to 
age  and/or  sex.  Also,  it  is  difficult  to  explain  the  presence  of  two 
sympatric  species  displaying  virtually  identical  grades  of  speciali- 
zation. As  suggested  by  Zetti  (1972:2!)  all  of  the  specimens  of 
Thylacosmilus  described  by  Riggs  probably  pertain  to  a single  species, 
and  I have  considered  them  as  such  in  this  study. 

The  specimens  of  Thylacosmilus  described  by  Riggs  were  collected 
from  two  distinct  horizons  in  the  Province  of  Catamarca.  FMNH  P 1 4 5 3 1 
and  P 14*471  are  from  stratum  XX  of  the  Corral  Quemado  Formation  (early? 
Montehermosan),  and  FMNH  PI  *4  3 *t*4  is  from  stratum  XIX  of  the  Andalgala'' 
Formation  (Huayquer i an ; see  Pascual  and  Odreman  Rivas,  1973)  - 

More  recently  a specimen  of  Thylacosmilus  (MLP  65-V  I 1 - 29~ *+ 1 ) was 
collected  from  the  Epecuen  Formation,  near  Salinas  Grandes  de  Hidalgo, 
La  Pampa  Province,  Argentina  (Pascual  and  Bocchino,  1963;  Zetti, 
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1972:21).  Although  this  specimen  is  fragmentary  the  roots  of  the 
upper  canine  and  inflated  maxillaries  are  well  preserved.  The  man- 
dibular ramus  is  rather  complete.  As  noted  by  Zetti  (1972:21) 
there  are  no  observable  differences  between  this  cranial  fragment 
and  the  type  of  T.  atrox ; the  same  is  true  for  the  anterior  portion 
of  the  mandibular  ramus. 

Thylacosmilus  atrox  and  Hyaenodonops  chapalmalensis  may  be  con- 
generic, although  this  cannot  be  determined  with  the  specimens  at 
hand . 


DISCUSSION  AND  CONCLUSIONS 

Phy 1 ogenet i c Re  1 at i onsh i ps . --Achlysictis  differs  from  Thylaco- 
smilus atrox  and  Hyaenodonops  chapalmalensis  in  its  smaller  size; 
presence  of  a deep  pit  at  the  anterior  edge  of  the  masseteric  fossa 
(lacking  in  T.  atrox,  unknown  in  H.  chapalmalensis)-,  a proportion- 
ately larger  talonid  cusp  on  the  anterior  molars,  which  is  similar 
in  shape  and  size  to  the  paraconid;  proportionately  larger  talonid 
cusp  on  ; and  the  presence  of  a small  anterobasal  cingular  cusp 
on  the  lower  molars. 

Thylacosmilus  atrox  (Huayquerian  and  Montehermosan)  and  Hyaeno- 
donops chapalmalensis  (Chapadma 1 a 1 an)  are  structurally  similar  and 
share  the  following  characters:  Size  {H.  chapalmalensis  is  slightly 

smaller),  paraconid  about  half  the  size  of  protoconid  and  directly 
anteriad  of  that  cusp,  anterobasal  cingular  cusp  absent,  and  a small 
but  distinct  posterobasal  talonid  cusp.  The  nearly  perfect  agreement 
in  these  features  suggests  that  H.  chapalmalensis  might  have  evolved 
either  directly  from  T.  atrox  or  from  a closely  related  form. 

These  taxa  demonstrate  that  two  distinct  lines  of  evolution  oc- 
curred within  Pliocene  Thy  1 acosmi 1 i dae . In  each  line  there  probably 
exists  an  ancestral -descendant  relationship  between  each  of  the  two 
recognized  species.  Unfortunately,  evolution  within  each  lineage 
cannot  be  adequately  evaluated  with  the  specimens  at  hand. 

Notosmilus  pattersoni  (Chapadma 1 a 1 an)  is  known  from  a partial  up- 
per canine  and  associated  maxillary  fragment,  possibly  representing 
a juvenile  animal.  As  the  taxonomy  of  other  thy  1 acosmi 1 i ds  is  based 
largely  on  lower  molar  morphology,  it  is  not  possible  to  compare  N. 
pattersoni  with  all  other  known  taxa.  N.  pattersoni  might  prove 
synonymous  with  Hyaenodonops  chapalmalensis.  It  is  equally  possible, 
although  unlikely,  that  N.  vattersoni  might  have  affinities  with 
Achlysictis , while  Hyaenodonops  could  prove  referable  to  Thylaco- 
smilus. 

If  Notosmilus  pattersoni  and  Hyaenodonops  chapalmalensis  are 

truly  distinct,  then  their  presence  in  the  same  beds  marks  the  only 
known  sympatric  occurrence  of  two  species  of  Thy  1 acosm i 1 i dae . Such 
being  the  case  it  is  difficult  to  explain  the  sympatric  occurrence 
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of  two  species  displaying  virtually  identical  and  unique  feeding 
spec i a 1 i zat i ons . 

Origin  of  the  Thy  1 acosm i I i dae . --Thy  1 acosmi i i ds  are  known  from  beds 
of  Huayquerian  through  Chapadma 1 a 1 an  (Pliocene)  age  in  Argentina. 

When  thylacosmi 1 ids  first  appear  in  the  fossil  record  they  are  al- 
ready highly  specialized,  indicating  that  there  is  probably  a long 
unknown  history  of  this  family. 

Scott  (1937*71)  suggested  that  the  Casamayoran  (early  Eocene) 
borhyaenid  A.rminiheringia  might  be  ancestral  to  Thylaaosmilus . 

Simpson  ( 1 9^8 : 42 ) pointed  out  that  the  vast  gap  between  these  two 
forms  might  allow  for  such  a transformation,  although  there  is  little 
positive  evidence  to  favor  such  a relationship.  The  enlargement  of 
both  upper  and  lower  canines  and  the  shallow  rather  than  flanged  sym- 
physis of  Arminiheringia  hardly  suggest  beginnings  of  saber-tooth 
spec i a 1 i zat i ons . 

Despite  these  differences,  many  specializations  of  Arminiheringia 
foreshadow  those  seen  in  Thylaaosmilus.  These  include:  Reduction 

in  size  of  metaconid  and  talonid  on  lower  molars,  virtual  absence  of 
a protocone,  reduction  in  size  of  anterior  two  premolars,  reduction 
of  lower  incisors  to  two  in  each  jaw,  and  large  and  apparently  open 
rooted  canines  in  adults.  in  these  features  Arminiheringia  is  the 
most  thy  1 acosmi 1 i d-1 i ke  of  known  borhyaenids,  although  this  does  not 
necessarily  imply  a direct  phylogenetic  relationship  between  the  two. 

Functional  Significance  of  the  Thy  1 acosm i 1 i d Saber-tooth . --A  pos- 
sible parallel  for  the  apparent  similarities  between  Arminiheringia 
and  Pliocene  thylacosmi 1 ids  is  found  in  North  American  Tertiary 
saber-tooth  groups.  In  the  Eocene  occurs  the  saber-tooth  creodont 
Apataelurus  (see  Scott,  1938),  and  in  the  later  Tertiary  the  wide- 
spread saber-tooth  macha i rodont i ne  cats  ( e.g Homotheriwn,  Smilodon ) 
(Thenius,  1967,  Fig.  1).  The  saber-tooth  creodont  Apataelurus  and 
saber-tooth  macha i rodont i ne  cats  had  distinct  histories  having  evol- 
ved from  different  ancestral  forms.  Apataelurus  can  be  considered 
successful  during  its  time,  although  it  was  far  less  specialized  than 
the  macha i rodonts  which  evolved  later. 

By  analogy  it  is  reasonable  to  postulate  that  Arminiheringia , like 
Apataelurus,  represents  an  early  Eocene  experiment  in  development  of 
large  canines,  while  the  Thy  1 acosmi 1 i dae , like  Macha i rodont i nae  , 
evolved  independently,  appeared  later  in  the  fossil  record,  and  a- 
chieved  greater  saber-tooth  specialization. 

Development  of  saber-1  Ike  upper  canines  with  complementary  bony 
flanges  on  the  lower  jaw  to  protect  these  teeth,  has  evolved  inde- 
pendently in  various  groups  of  flesh-eating  mammals.  In  the  South 
American  Pliocene  thy  1 acosmi 1 ids , in  the  North  American  Eocene  creo- 
dont Apataelurus,  and  three  or  more  times  in  the  Felidae  (Oligocene 
through  Pleistocene)  (see  Thenius,  1967,  Fig.  1). 
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The  independent  evolution  of  the  saber-like  upper  canines  in 
several  lineages  of  carnivorous  mammals  has  stimulated  speculation 
as  to  their  function.  Absence  of  close  recent  analogues  has  fur- 
thermore made  inferences  difficult.  It  is  thus  not  surprising  that 
a large  literature  has  accumulated  on  this  subject  and  that  strong 
differences  of  opinion  exist  (Simpson,  1941:1). 

Some  early  interpretations  of  the  feeding  habits  of  saber-tooth 
carnivores  include  blood  sucking  (Merriam  and  Stock,  1932),  car- 
rion feeding  or  scavenging  (Bohlin,  1 940 ; Marinelli,  1938;  Weber, 
1??4) , use  of  the  saber-like  canines  to  slice  meat  before  ingestion 
(Marinelli,  1 924 , 1938),  and  Bohlin  ( 1 9^0)  suggested  their  use  for 
shoveling  masses  of  sliced  meat  into  the  mouth.  Miller  (1969)  re- 
cently suggested  that  Smilodon  was  able  to  use  the  incisors  either 
in  conjunction  with  or  independently  of  the  upper  canines;  the 
animal  being  capable  of  ingesting  meat  in  a manner  similar  to  other 
carnivores,  such  as  canids.  It  must  be  noted  that  Thylacosmilus 
has  no  incisors,  so  some  of  the  conclusions  reached  by  Miller  for 
Smilodon  are  not  applicable  to  thylacosmi 1 ids . 

It  is  now  generally  agreed  that  saber-tooth  carnivores  were  pre- 
daceous and  the  canines  used  for  stabbing  (transfixing)  and/or 
slicing  (cutting  and  tearing)  (Simpson,  1941:1).  The  stabbing  the- 
ory was  first  proposed  by  Warren  (1853)  and  more  explicitly  de- 
veloped by  Brandes  (1900).  The  arguments  presented  by  the  latter 
author  were  weakened  by  the  suggestion  of  adaptation  for  preying  on 
glyptodonts.  As  pointed  out  by  Simpson  (1941:1)  the  armor  of  glyp- 
todonts  and  canines  of  the  machairodont  cats  were  fully  developed 
millions  of  years  before  these  two  sorts  of  animals  ever  came  into 
contact.  Even  if  we  consider  the  contemporaneous  occurrence  of 
thy  I acosmi 1 ids  and  glyptodonts  within  South  America,  there  is  no 
compelling  evidence  for  coevolution  of  these  forms.  Furthermore, 
it  is  impossible  to  conceive  use  of  the  saber-like  canines  of 
Thylacosmilus  to  pierce  the  thick  carapace  of  large  glyptodonts  in 
which  bone  attained  a thickness  in  excess  of  30-40  mm. 

The  most  widely  accepted  theory,  first  proposed  by  Matthew  (1901, 
1910),  is  that  the  usual  prey  of  saber-tooths  were  the  thick-skin- 
ned ungulates  (pachyderms),  the  action  being  to  strike  and  then  rip 
or  gash  so  that  the  prey  bled  to  death  (Simpson,  1941).  Bohlin 
(1940)  later  rejected  the  stabbing  theory  entirely  and  maintained 
that  the  sabers  were  ill-adapted  for  this  function  and  must  have 
served  mainly  or  wholly  for  slicing. 

By  a careful  consideration  of  the  mechanical  nature  of  the  ca- 
nines and  analysis  of  motion  of  the  head,  Simpson  (1941)  presents  a 
convincing  and  reasonable  interpretation  of  saber-tooth  habit  and 
function.  Simpson's  conclusions  are  as  follows: 

I)  Stabbing  was  primarily  correlated  with  the  differentiation 
of  the  saber  canines  from  "normal"  canines  and  therefore  is  the 
principal  functional  element  in  the  saber-tooth  specialization. 
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2)  Saber-like  canines  are  i 1 1 -adapted  for  slicing,  but  doubt- 
less could  be  and  were  used  to  make  a short  slice  or  gash.  This 
function  is  considered  secondary  and  the  stabbing  primary.  Pure 
stabbing  and  down-and-up  slicing  seem  to  be  the  norms  of  the  two 
most  likely  uses  of  the  canines.  Kurten  (1968)  has  distinguished 
those  placental  saber-tooths  that  mostly  stab  as  the  dirk-toothed 
forms,  from  those  that  stab  and  then  mostly  slash  as  the  scimitar- 
toothed forms. 

3)  This  primary  adaptation  of  the  canines  and  the  general  body 
structure  are  more  consistent  with  predaceous  habits  than  with 
carrion  eating.  The  evidence  seems  to  favor  the  usual  view  that 
these  animals  were  primarily  predators. 

k)  The  animal  did  not  have  to  come  to  a full  stop  before  it 
started  the  stabbing  motion.  Forward  attack  was  a useful  prelim- 
inary phase  of  stabbing  and  contact  with  the  prey  animal  coincided 
with  the  strongest  stabbing  momentum. 

5)  The  saber-tooths  could  cling  to  the  back  of  an  animal  with 
their  powerful  front  limbs  which  were  proportionately  larger  than 
the  hind  limbs  and  wel 1 adapted  for  grasping  prey.  These  front 
legs  would  themselves  be  powerful  weapons  and  they  could  have 
served  to  deliver  the  coup  de  grace  to  an  animal  slowed  or  stopped 
by  the  canine  stab. 

6)  The  powerful  fore-limbs  and  long  canines  might  possibly  be 
considered  coordinated  parts  of  a dual  apparatus  for  killing  prey. 

It  is  probable,  as  noted  by  Riggs  (193^:30),  that  the  habits  of 
thylacosmi 1 ids  and  their  method  of  killing  prey  were  similar  to 
that  of  macha i rodont i ne  saber-tooths.  Thylacosmilus  had  a relatively 
short  and  stout  humerus  with  a massive  deltoid  crest,  a strong  supin- 
ator ridge  and  a small  internal  condyle  (Riggs,  193^:25).  The  hu- 
merus shares  the  general  characters  of  crouching  animals  hunting 
from  ambush  as  distinguished  from  cursorial,  in  the  sturdiness  of 
the  bone  as  a whole  and  in  the  great  length  of  the  deltoid  crest  and 
supinator  ridge.  The  fore-limb  of  Thylacosmilus  was  unusually  power- 
ful compared  with  the  hind-limb,  and  may  have  been  used  for  grasping 
prey  as  in  macha i rodont i ne  cats. 

Turnbull  (In  press)  notes  that  Thylaaosmilus  had  a greater  de- 
gree of  specialization  for  one  or  more  of  the  aspects  of  the  saber- 
tooth way  of  life  than  for  its  placental  counterparts.  Thylaco- 
smilus "...apparently  became  so  proficient  at  both  stabbing  and 
slashing  that  it  in  effect  combined  the  dirk  and  the  scimitar- 
toothed specialties,  and  in  so  doing  it  was  able  to  abandon  its  in- 
cisors and  their  related  function."  "Hence ... [Thylacosmilus] ...  i s 
not  only  remarkably  parallel  to  the  placental  saber-toothed  forms, 
but  has  its  own  unique  specialized  varient  of  that  way  of  life." 
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Schultz  ez  at.  (1970:22)  pointed  out  the  extraordinarily  close 
similarity  between  the  North  American  macha i rodont i ne  cat  Bar- 
bourofelis  and  the  South  American  Thylacosmilus,  noting  that  these 
animals  represent  an  excellent  example  of  convergence  in  evolution. 
They  suggest,  however,  that  these  animals  could  not  have  been  simi- 
lar in  the  way  they  stabbed.  According  to  their  argument,  in  Bav- 
bourofelis  the  elongated  canines  are  parallel  and  were  probably 
imbedded  simultaneously  in  the  animal's  prey.  In  Thylacosmilus  the 
upper  canines  diverge  ventral ly  (reference  made  to  Riggs,  193^,  PI. 

3,  fig.  1)  and  they  could  not  have  been  imbedded  at  the  same  time 
without  being  spread  apart.  They  note  that  the  canine  blade  in 
Thylacosmilus  is  triangular  in  cross-section,  being  strengthened  by 
a median  ridge  on  its  labial  side.  This,  they  note,  is  suggestive 
of  the  canines  of  some  peccaries,  and  indicates  that  the  canines  may 
have  been  used  to  slash  laterally  as  is  the  case  in  many  living  pigs. 
Barbourofelis,  they  conclude,  seemed  to  have  been  a purely  stabbing 
cat  whose  canines  were  too  long  and  poorly  serrated  to  have  been 
effective  slashing  weapons. 

I strongly  oppose  the  view  that  Thylacosmilus  might  have  used 
its  canines  to  slash  laterally  by  analogy  with  living  pigs.  In  the 
first  place  the  upper  canines  of  Thylacosmilus  are  deeply  rooted  in 
the  maxillary  and  extend  to  a position  well  above  and  between  the 
orbits.  By  being  well  braced,  there  is  little  reason  to  assume  that 
these  teeth  would  spread  when  imbedded  in  the  prey.  Moreover,  the 
degree  of  divergence  of  the  canines  in  the  type  of  Thylacosmilus  is 
not  as  extensive  as  shown  in  Riggs'  figure  and  hence  is  somewhat 
erroneous  (Turnbull,  In  press). 

Secondly,  as  noted  by  Simpson  (19^1:10),  the  tusks  of  pigs  and 
of  some  extinct  forms  like  South  American  ast rapotheres , are  so  un- 
like the  sabers  here  under  discussion  as  to  prove  little  basis  for 
i nference . 

Thirdly,  there  would  be  a preponderance  of  strain  at  the  alveolus 
and  on  the  blade  in  any  direction  other  than  along  the  tooth  axis 
(Simpson,  1 9^*  1:8).  The  tooth  blade  is  relatively  thin  transversely 
and  excess  lateral  strain  would  likely  result  in  breakage.  It  is 
probably  for  this  very  reason  that  the  mandibular  flange  evolved  to 
protect  the  upper  canine  from  such  forces  and  possible  damage  when 
the  mouth  was  closed.  It  would  thus  be  advantageous  for  the  animal 
to  restrict  movement  of  the  canine  to  a direction  in  which  existed 
the  least  potential  for  strain,  this  being  along  the  tooth  axis  and 
hence  in  an  anteroposterior  direction. 

Turnbull  (1976:15^)  further  notes  that  the  head-controlling  mus- 
culature of  Thylacosmilus  must  have  been  not  only  extremely  powerful, 
but  also  superbly  capable  of  manoeuvering  the  head  and  its  attached 
canine  blades  with  great  precision.  "Otherwise  there  would  be  risk 
of  an  angled  or  transverse  blow  resulting  in  breakage  of  the  greatly 
elongated  and  unprotected  canines."  "That  the  canines  themselves  must 
have  been  quite  vulnerable  to  damage  from  a forceful  lateral  blow  is 
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indicated  by  their  cross-section  which  is  thin  med i ol atera 1 1 y and 
by  the  presence  of  a full-length  symphyseal  "scabbard"  or  "sheath"." 

Simpson  (1941:11)  noted  that  continuous  replacement  of  the  saber- 
like canines  as  comparable  to  fang  replacement  in  snakes,  would  be 
advantageous  in  saber-tooth  carnivores.  Pol yphyodont i sm , however,  is 
extremely  rare  in  mammals  and  is  not  found  in  any  saber-toothed  group. 
The  saber-tooth  macha i rodont i nes  did  have  well  developed  and  long- 
functioning  deciduous  canines,  which  was  about  as  far  in  this  direc- 
tion as  macha i rodont i nes  came  to  solving  the  problem. 

Deciduous  canines  are  unknown  in  thy  1 acosmi 1 i ds , as  in  all  Mar- 
supial ia,  yet  the  group  has  dealt  with  possible  canine  breakage  by 
employing  a different  strategy.  The  presence  of  evergrowing  canines 
allowed  for  restoration  and  functional  replacement  of  the  teeth 
should  they  be  broken.  By  such  a mechanism  a broken  tooth  would  only 
temporarily  hinder  the  normal  activities  of  an  animal.  Bohlin's 
(1940)  suggestion  that  animals  with  broken  sabers  depended  on  carrion 
seems  reasonable. 

Prey  and  Ext i net  ion . --Accept i ng  that  thy  1 acosmi 1 ids , as  did  Smilo- 
don j fed  upon  large  thick-skinned  pachyderms,  there  was  certainly  a 
plentiful  food  supply  during  Pliocene  times  in  South  America.  In- 
cluded are  two  families  of  large  ground  sloths  (My  1 odont i dae  and 
Megather i i dae , Order  Edentata),  the  rhinoceros-like  Toxodontidae 
(Order  Notoungul ata) , and  possibly  the  camel-like  Macrauchen i i dae 
(Order  Litopterna).  All  of  these  groups  have  fossil  records  extend- 
ing well  back  into  the  early  part  of  the  mid-Tertiary.  It  is  conceiv- 
able that  with  evolution  and  increase  in  size  of  these  forms  there 
occurred  coevolution  and  increased  specialization  of  the  Thylacosmi- 
lidae.  It  must  be  stressed,  however,  that  the  fossil  record  is  not 
clear  on  this  point. 

Practically  all  knowledge  of  early  to  mid-Tertiary  (Paleocene- 
Miocene)  South  American  vertebrate  faunas  is  from  the  southern  part 
of  that  continent  and  largely  from  Argentina.  Thyl acosmi 1 ids  make 
their  first  appearance  in  the  fossil  record  in  Pliocene  beds  in  the 
northern  part  of  Argentina.  In  speculation,  thylacosmi 1 ids  might  have 
evolved  in  the  northern  part  of  Argentina  or  more  generally  in  the 
central  part  of  the  South  American  continent,  possibly  in  the  mid- 
Tertiary.  This  would  explain  their  absence  in  mid-Tertiary  faunas  in 
southern  South  America  and  their  first  appearance  at  a more  northern 
local i ty . 

Thylacosmi 1 ids  make  their  last  appearance  in  the  Chapadmalal  For- 
mation (latest  Pliocene),  near  Mar  del  Plata,  Buenos  Aires  Province, 
Argentina.  At  about  this  same  time  the  Panamanian  land-bridge  came 
into  existence  connecting  North  and  South  America.  With  the  appear- 
ance of  this  bridge  the  long  isolation  of  the  South  American  conti- 
nent ended.  A permanent  dispersal  route  was  at  last  open  for  over- 
land migration  and  a spectacular  interchange  of  the  two  continental 
faunas  began  (Patterson  and  Pascual  , 1972:284). 
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In  beds  of  Uquian  (earliest  Pleistocene)  age,  which  immediately 
overlie  the  Chapadmalal  Formation,  placental  saber-tooth  machairo- 
dontine  cats  appear  for  the  first  time  in  the  fossil  record  of 
South  America.  The  generic  and  specific  status  of  this  oldest  known 
allochthonous  South  American  saber-tooth  felid  is  disputed.  J.  L. 
Kraglievich  (19**8)  originally  named  it  Smilodontidion  riggi.  Churcher 
(1967:256)  considered  this  species  a small  form  of  Smilodon,  and  syn- 
onym i zed  it  with  Smilodon  neogaeus , which  he  recognized  as  the  only 
species  of  Smilodon  in  the  Pleistocene  of  Argentina.  It  is  pointed  out 
by  Patterson  and  Pascual  (1972:289)  that  if  this  generic  identification 
is  correct  this  is  an  earlier  record  for  the  genus  than  any  in  North 
America.  They  further  suggest  the  possibility  that  Smilodontidion  may 
actually  be  Megantereon.  In  addition,  Smilodon  popular  is  the  species 
usually  called  S.  neogaeus.  "Hyaena"  neogaea  Lund  is,  however,  a 
nomen  nud'um  (Paula  Couto,  1955). 

The  important  point  to  remember  for  this  study  is  that  placental 
saber-tooths  first  appear  in  the  South  American  fossil  record  in  beds 
of  Uquian  age  and  continue  into  and  through  beds  of  Lujanian  (latest 
Pleistocene)  age.  The  last  appearance  of  marsupial  saber-tooths  and 
the  first  appearance  of  placental  saber-tooths  in  immediately  over- 
lying  beds,  between  which  there  was  but  a short  time  lapse  as  inferred 
from  faunal  studies,  suggests  the  replacement  of  marsupial  saber- 
tooths by  immigrant  placental  saber-tooths.  Similar  "ecological  re- 
placement" of  other  established  South  American  inhabitants  by  North 
American  immigrant  groups  at  this  same  time  is  well  documented.  No 
better  example  of  a geologically  sudden  meeting  of  two  radically  dif- 
ferent faunas  and  of  the  ensuing  consequences  exists  in  the  geological 
record  (Patterson  and  Pascual,  1972:281*). 

There  is  little  doubt  that  the  appearance  in  South  America  of 
placental  saber-tooths  marked  the  fate  of  thy  1 acosmi 1 i ds . Within  a 
very  short  period  of  time,  geologically  speaking,  thy  1 acosmi 1 i ds 
underwent  a rapid  decline  to  extinction.  The  reign  of  the  most  speci- 
alized and  bizarre  group  of  large  predaceous  marsupials  yet  known 
ended . 
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A REVIEW  OF  PALEOCENE  AND  EOCENE  LEPTICTIDAE 
(EUTHERIA:  MAMMALIA)  FROM  NORTH  AMERICA 

by 

MICHAEL  J.  NOVACEK1 
ABSTRACT 

Abundant  and  widely  distributed  fossils  demonstrate  a diversity 
of  leptictid  species  in  North  America  during  the  Paleocene  and 
Eocene  epochs.  The  late  Cretaceous  genus  Gypsoniatops  markedly 
contrasts  with  the  Tertiary  leptictids,  but  is  recognized  as  the 
most  closely  related  sister  taxon  of  the  latter.  The  genus  Diaco- 
don  is  removed  from  the  Leptictidae  because  the  type  species, 

D.  alticuspis , more  closely  resembles  adapisoricid  i nsect i vores . 
Three  major  leptictid  lineages  are  known  from  the  Paleocene  and 
Eocene  of  North  America.  One  lineage,  the  genus  Prodiacodon , 
shows  the  retention  of  primitive  sectorial  features  in  the  denti- 
tion. The  second  lineage,  Palaeictops,  shows  a more  derived 
"bunodont"  condition.  Palaeictops , particularly  P.  matthewi  (n. 
sp.),  is  undoubtedly  closely  related  to  the  Oligocene  Leptiatis. 
Myrmecoboides  represents  the  third  early  divergent  lineage  not 
closely  related  with  other  leptictid  genera.  A new  species, 
Prodiacodon  crustulum , from  the  Puercan  of  Montana  shows  a combi- 
nation of  dental  characters  intermediate  between  Gypsoniatops 
(Hypoconus)  and  Prodiacodon  puercensis. 

INTRODUCTION 

The  Leptictidae  is  an  archaic  family  of  eutherian  mammals  with 
a long  evolutionary  history.  Earliest  undoubted  members  are 
known  from  the  early  Paleocene  of  North  America  and  the  family 
persisted  with  reasonable  diversity  until  the  end  of  the  middle 
Oligocene.  Records  of  the  group  in  Europe  are  fewer  with  cited 
occurrences  from  the  later  Paleocene  of  Germany  (Russell,  1964) , 
the  middle  Eocene  of  Germany  (Tobien,  1962)  and  the  late  Eocene  or 
early  Oligocene  of  France  (Filhol,  1 892 ) . 
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The  primitive  nature  of  the  Leptictidae  has  long  been  recog- 
nized and  the  family  has  been  cited  as  a central  stock  from  which 
a number  of  important  eutherian  groups  might  be  derived  (Lille- 
graven,  1969;  Clemens,  1973)-  Others  (Szalay,  1968;  Clemens, 

197*0  have  concluded  that  leptictids  were  not  direct  ancestors  of 
such  groups  as  primates.  Leptictids  have  been  included  in  the 
Order  Insectivora  in  many  classifications  (e.g.,  Simpson,  19**5; 

Van  Vaien,  1967) - However,  as  Butler  (1956,  1972)  and  McDowell 
(1958  and  unpublished  studies)  have  pointed  out,  the  family  does 
not  share  with  undoubted  insectivores  such  specializations  as  a 
loss  of  a medial  internal  carotid  artery,  the  absence  of  the  ento- 
tympanic  as  a bullar  component,  the  crowding  out  of  palatine  by 
the  maxillary  bone  in  the  orbital  region  of  the  skull,  and  the 
loss  or  reduction  of  a jugal  bone.  Accordingly,  Butler  (1972) 
has  proposed  the  recognition  of  the  order  Proteutheria  from  Romer's 
(1966)  suborder  and  the  inclusion  of  the  Leptictidae  within  it. 
Butler  (1972)  acknowledged  that  his  establishment  of  the  Prot- 
eutheria  was  a matter  of  practicality.  The  majority  of  similari- 
ties between  members  of  this  group  merely  represent  shared-primi- 
tive eutherian  characters.  Thus  the  order  replaces  the  Insecti- 
vora as  a "waste-basket"  category.  More  recently,  McKenna  (1975) 
has  proposed  that  Tertiary  leptictids  belong  to  the  superorder 
Leptictida  also  comprising  anagalids,  macrosce 1 i d i ds , and  lago- 
morphs.  Other  members  of  Butler's  Proteutheria  were  relegated  by 
McKenna  to  various  eutherian  "supergroups".  McKenna's  Lepti- 
ctida is  a stimulating  concept,  in  part  suggested  by  evidence 
from  the  skull,  dentition,  and  postcranial  skeleton.  Neverthe- 
less this  idea  has  yet  to  be  tested  rigorously  with  a careful 
analysis  of  the  available  morphological  evidence.  Such  a critique 
is  not  the  subject  of  this  review,  and,  in  recognition  of  the 
current  controversy  on  the  matter,  I have  not  formally  assigned 
leptictids  to  any  of  proposed  higher  categories.  An  assignment 
will  be  made  following  a detailed  study  of  the  broader  affinities 
of  the  Leptictidae  (Novacek,  unpublished  data).  The  aims  of  the 
present  paper  are  confined  to  a character i zat ion  of  the  family  and 
taxonomic  revision  of  its  Paleocene  and  Eocene  members. 

DISTRIBUTION 

Fig.  1 shows  the  localities  where  North  American  Paleocene  and 
Eocene  leptictids  described  in  this  report  have  been  recovered. 

The  figure  is  accompanied  by  Table  1 listing  the  land  mammal  age, 
formation,  and  leptictid  taxa  represented  at  a particular  locality. 
It  is  evident  that  leptictids  had  a widespread  distribution 
throughout  much  of  the  Rocky  Mountain  region  of  western  North 
America  during  early  Cenozoic  times. 

METHODS 

The  dental  nomenclature  employed  here  follows  that  of  Rich 

(1971:  *0- 

All  specimens  were  measured  on  an  Ehrenreich  Photo  Optical  "shop- 
scope."  Measurements  were  in  millimeters  and  were  rounded  off  to 
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FIG.  1.  Map  showing  Paleocene  and  Eocene  North  American  localities 
where  leptictids  described  in  this  report  have  been  recovered. 
Numbers  refer  to  localities  listed  in  Table  1. 
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TABLE  1.  North  American  Paleocene  and  Eocene  localities  where 
leptictids  described  in  this  report  have  been  recovered. 


Locality  Age  Formation  Taxa 


1 . Ga  rban  i 

2 . Crazy  Mt n . Field, 

Gidley  Quarry 

3.  Bighorn  Basin 

4.  Powder  River 

5-  Tepee  Tra i 1 

6.  Wind  River  Basin, 

Bridger  Creek 

7.  Tabernacle  Butte 

8.  Bison  Basin 
9 • Big  Pi ney 

10.  Bitter  Creek 

11.  Four  Mile,  East 

Alheit  Pocket 

12.  Cherard  Park 

13-  Garcia  Canon 

14.  Arroyo  Bianco 

15-  San  Juan  Basin, 

Torrejon  Arroyo 


Puercan 

Tul lock 

Torrejon i an 

Fort  Union 

Wasatch i an 

Will  wood 

Wasatch  i an 

"Wasatch" 

U i ntan 

Tepee  Trai 

Wasatch i an 

Wind  River 

B r i dger i an 

B r i dger 

T i f fan i an 

Fort  Union 

Wasatch i an 

Wasatch 

Wasatch i an 

Wasatch 

Wasatch i an 

Wasatch 

Wasatch  i an 

Wasatch 

Wasatch i an 

Huerfano 

Wasatch i an 

San  Jose 

Torrejon i an 

Nac i mi ento 

Prodiacodon 

crustulum 

1-tyrmecoboides 

montanensis 

Prodiacodon 

concordiarcensis 
Prodiacodon  furor 
Prodiacodon 
tauricinerei 
Palaeictops 
bicuspis 
Prodiacodon 
tauricinerei 
Palaeictops  sp. 
Palaeictops 
bicuspis 
Palaeictops 
rmalticuspis 
Prodiacodon 
tauricinerei 
Palaeictops 
bridged 
Prodiacodon 

concordiarcensis 

Prodiacodon 

tauricinerei 

Prodiacodon 

tauricinerei 

Prodiacodon 

tauricinerei 

Palaeictops 

mattheui 

Palaeictops 

matthewi 

Prodiacodon 

tauricinerei 

Prodiacodon 

pueroensis 


the  nearest  one-hundredth  of  a millimeter.  The  following  orienta- 
tion for  measuring  cheek  teeth  (Fig.  2)  were  used  in  this  report. 
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ANTEROPOSTERIOR  AXIS  ("A-P")  AXIS 

Lower  posterior  premolars  - long  axis  of  tooth. 

Lower  molars  - line  drawn  through  the  apices  of  the  metaconid  and 
the  entoconid. 

Upper  posterior  premolars  - line  extended  from  anteriormost  point 
of  the  anterolabial  lobe  to  the  poster iormost  point  of  the  meta- 
stylar  lobe. 

Upper  molars  (M^  ~^)  - line  drawn  through  the  apices  of  the  para- 
cone  and  metacone. 

Upper  mo  1 a rs  (M^)  - line  drawn  at  right  angles  to  a line  which 
divides  the  tooth  into  equal  anterior  and  posterior  halves. 

LENGTH 

Lower  posterior  premolars  - total  length  of  crown,  i.e.,  greatest 
dimension  measured  parallel  to  "A-P"  axis. 

Lower  molars  - total  distance  from  the  anterior  face  of  the  para- 
con  i d to  the  back  of  the  talonid  along  a line  parallel  to  the 
"A-P"  axis  (anterior  cingulum  not  included  in  measurement). 

Upper  poster i or  premo 1 a rs  and  upper  molars  - greatest  d i mens i on 
parallel  to  the  "A-P"  axis  of  tooth. 

WIDTH 

Lower  posterior  premolars  - widest  part  of  crown;  greatest  di- 
mension measured  at  right  angles  to  "A-P"  axis. 

Lower  molars  - two  width  measurements:  t'r i gon i d width,  talonid 

wi dth,  widest  part  of  each  of  these  sections  of  the  crown  meas- 
ured at  right  angles  to  "A-P"  axis. 

Upper  poster i or  premol ars  and  upper  molars  - two  measurements 
anterior  width,  distance  from  the  labialmost  point  of  the  antero- 
labial corner  of  the  crown  to  the  lingualmost  point  of  the  proto- 
cone; posterior  width,  distance  from  pos tero 1 ab i a 1 most  point  of 
metastyiar  lobe  to  lingualmost  point  of  protocone,  both  width 
measurements  taken  at  right  angles  to  the  "A-P"  axis. 

The  dental  measurements  of  all  specimens  studied  are  given  in 
Table  2. 


ABBREVIATIONS 

AMNH  - American  Museum  of  Natural  History 
CMNH  - Chicago  (Field  Museum)  of  Natural  History 
LACM  - Los  Angeles  County  Museum 
PU  - Princeton  University 

UCMP  - University  of  California  Museum  of  Paleontology 
CIT  - California  Institute  of  Technology 

DENTAL  IDENTIFICATIONS 

The  primitive  eutherian  dental  formula  is  traditionally  re- 
cognized as  I-2cJ-PZh|-.  McKenna  (1975)  has  proposed  a novel  hypo- 
thesis of  dental  evolution  in  the  Eutheria,  maintaining  that  the 
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Length 


Length 


Talonid 

Width 


Posterior 

Width 


e 


FIG.  2.  Diagram  showing  criteria  for  dental  measurements  of  a) 
lower  posterior  premolars,  b)  lower  molars,  c)  upper  posterior 
premolars,  d)  upper  molars,  and  e)  upper  last  molar  (m3) . See 
text  for  explanation. 


most  primitive  members  of  the  infraclass  had 
molars.  He  identifies  the  dental  formula  in 
. 1 . " . T c |p  1 ini  ^2,4.  There 


T T TT  TTTTTTTT 

lineage  which  gave  rise  to  Tertiary  leptictids  had  such  a dental 
formula.  Lillegraven  (1969,  p.  57)  and  Clemens  (1973,  p.  6) 
described  specimens  of  the  late  Cretaceous  genus  Gysonictops  with 
five  lower  premolar  lcci,  reduction  to  four  in  number  occurring 
through  loss  of  the  reduced  tooth  at  the  third  premolar  locus  (P 
of  Clemens'  and  L i I 1 egraven ' s notation) in  at  least  one  known 
specimen.  In  all  Tertiary  leptictids  where  a complete  dental  row 
is  known,  only  four, premolars  are  present.  McKenna  (1975)  identi- 
fies these  as  P-j-F^P^iP^  arguing  that  P-l  (and,  or  DPi-)  were  lost  in 
leptictids.  It  is  recognized  in  this  study  that  Gupsonictops  is 
closely  related  to  Tertiary  leptictids.  McKenna's  dental  hypo- 
thesis is  thus  more  compatible  with  this  phylogenetic  picture 
than  traditional  dental  designations.  In  this  paper  P^.  = tradi- 


i s ev i dence 


5 upper  and  lower 
these  forms  as 
that  a (unknown) 


pre- 
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TABLE  2.  Measurements  of  cheek  teeth  of  North  American  Paleocene 
and  Eocene  leptictids  described  in  this  report.  All  measurements 
are  in  millimeters. 


Upper  Cheek  Teeth  Lower  Cheek  Teeth 

Element  Anterior  Posterior  Element  Trigonid  Talonid 

Length  Width  Width  Length  Width  Width 


AMNH  4802  Type  of  Palaeiotops  bicuspis 


LP5 

5-25 

2.80 

LP5 

LM 

LM2 

3-92 

1.55 

2.14 

LP1 

lm' 

3-40 

4.40 

3-86 

3-11 

2.15 

2.35 

3.07 

3.81 

4. 1 1 

3.00 

LM 

LM5 

2.72 

3-97 

3-75 

LM3 

3-27 

2.37 

1.70 

2.44 

3-17 

2.65 

AMNH 

4255 

lm2 

3-09 

2.00 

2.45 

LM^ 

3.40 

2.30 

2.14 

Palaeiotops  bridgeri 

AMNH 

56032 

Type 

RP 

RM' 

rmI 

4.25 

2.31 

2.22 

3-65 

2.53 

2.47 

3-58 

2.69 

2.64 

RM^ 

4.00 

2.39 

2.03 

Palaeiotops  multiouspis 

AMNH  1 4741  Type 


LP? 

3.66 

1.42 

LP4 

4.42 

1.74 

LP5 

LM 

lm; 

4.21 

2.4l 

2.21 

3.20 

2.67 

2.63 

3.27 

2.65 

2.47 

LM- 

3-40 

2.50 

2.09 

Palaeiotops  matthewi 


CMNH  26904  Type 


RP 

RP 

RM 

RM 

RM 


4 

5 
1 
2 
3 


3.26 

2.50 

LP4 

4.02 

1.60 

2.80 

3.21 

3-56 

LP5 
RM  ^ 

rm’ 

3-90 

2.05 

1.84 

2.90 

4.03 

4.17 

3. 10 

2.36 

2.04 

2.82 

4.41 

4.  16 

3.21 

2.36 

2.13 

3.60 


CMNH  26481 


RP 


4 


3-57 


3-06 
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TABLE  2.  Continued. 


Upper  Cheek  Teeth  Lower  Cheek  Teeth 

Element  Anterior  Posterior  Element  Trigonid  Talonid 

Length  Width  Width  Length  Width  Width 


Myrmeocboides  montanensis 


USNM  8037  Type 


LP 

LM 

LM 

LM 


5 

1 

2 

3 


2.95 

1.46 

1 . 12 

2.37 

1.63 

1.40 

2.42 

1.65 

1.40 

2.67 

1.75 

1-35 

Prodiaeodon  puercenszs 

AMNH  16011  Type 

RP5  2.62  4.00  4.40 


AMNH  16748 


RP 

RP 

RM 

P.M 

RM 


4 

5 

1 

2 
3 


3-50 

3-03 

LP5 

LM 

LM 

3-90 

2.13 

2.04 

3-31 

3-87 

4.28 

3-45 

2.80 

2.56 

3-15 

4.67 

5.14 

3-48 

3-13 

2.36 

3.40 

5.15 

5-33 

LM2, 

3.80 

2.81 

1.93 

2.33 

4.  14 

3-67 

J 

Prodiaeodon  taurioinerei 


PU  13104  Type 


2.75 

2.39 

2.  10 

3-25 

2.95 

2.65 

3-48 

3-53 

2.66 

3-99 

3.85 

RP4 

2.96 

1.41 

RP5 

3. 10 

1.65 

1.59 

RM^ 

2.39 

1.83 

1.72 

rm: 

2.46 

1.92 

1.77 

RM^ 

2.77 

1.70 

1.30 

PU 

14726 

LP5 

3.01 

LP1 

2.81 

lm’ 

2.65 

LM? 

2.34 

LMJ 

2.10 

2.  1 1 

2.87  3-01 
3-23  3-27 
3-82  3-55 
3.40  2.71 


AMNH  80695 


LP 

LM 


5 

3 


3.06  1.53 

2.53  1-75 


1.47 

1-39 
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TABLE  2.  Continued. 


Lower 

Cheek 

Teeth 

Lower  Cheek 

Teeth 

Element  Trigonid 

Ta 1 on i d 

Element  Trigonid 

Ta 1 on i d 

Length  Width 

Wi  dth 

Length 

Width 

Width 

Prodiacodon  tauricinerei 

AMNH 

48763 

AMNH  80023 

LPC 

3.09 

1.22 

1.56 

2.42 

1.85 

1.63 

RP  2.96 
RM'  2.97 
Rm’  2 . 4 1 

1.65 

1.51 

1.97 

1.22  USNM 

19204 

2.52 

1.85 

RM^  2.82 

1.95 

1.51 

LM 

2,12 

2.25 

1.91 

LM* 

2.94 

2.07 

2.57 

Prodiacodon  concordiarcensis 

5 

USNM  9637  Type 

USNM 

35693 

LP-  2.14 

1.29 

1.02 

RM 

RM* 

2.06 

1.45 

1.29 

LM^  1.95 

1.43 

1.47 

1.83 

1.51 

1-13 

RM^ 

1.89 

1.40 

1.00 

USNM  20970 

LP  2.40 

1.67 

1.25 

LM'  2.15 

1.85 

1.40 

Prodiacodon  furor 

AMNH  35291  Type 

AMNH 

35289 

RPj-  3-09 

1.68 

1.40 

LP5 

2.39 

1.57 

1.20 

LM 

lm' 

2.29 

2.00 

1.13 

2.  16 

1.82 

1.45 

AMNH  35290 

Z 

RM  2.54 

RM^  2.52 

1.91 

1.73 

1.98 

1.62 

Upper 

Cheek 

Teeth 

Element  Anterior 

Posterior 

Length  Width 

Width 

Prodiacodon  crustulum 


UCMP  114990 

.1 


UCMP  114993 


LM 


2.4 


4.0 


4.03  (Type)  DPt 


3-74  1.47 


1.44 
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TABLE  2.  Continued. 


Upper  Cheek  Teeth 
Element  Anterior  Posterior 
Length  Width  Width 


Lower  Cheek  Teeth 
Element  Trigonid  Talon  id 
Length  Width  Width 


Prodiacodon  arustulum 


LACM 

32970 

UCMP 

11A991 

RM1 

2.67 

3.75 

3.82 

LM^r 

2 2.81 

2.25 

1.83 

UCMP 

1 1A980 

UCMP 

1 1A985 

LMX 

2.  AO 

3-99 

3-9  * 

lm3 

3.27 

1.79 

1.57 

UCMP 

1 1A976 

UCMP 

11A992 

P,MX 

3-99 

LMj  ? 

2.8A 

2 . 0A 

1.72 

UCMP 

11A373 

UCMP 

114981 

LP4 

3-45 

2.21 

LM?? 

2.7A 

1 . 9A 

1.80 

UCMP 

114974 

UCMP 

IIA986 

LP4 

3-  19 

2.23 

2.91 

2.09 

1.79 

UCMP 

1 1 4972 

LP5? 

2.58 

3.  1 A 

3.38 

* Tooth  damaged,  measurement  approximate 
x Position  in  tooth  row  unknown 


t ional  Py,  P-^-  = 
A1 1 other  den 


traditional  Pi,  and  p3  are  thought  to  be  absent, 
ta 1 . i dent i f i cat i ons  correspond  to  their  traditional 


designations.  P-j-  may  actually  he  DP-j-  as  there  is  no  evidence  of 
replacement  at  tills  locus  in  primitive  eutherians. 


SYSTEMATIC  PALEONTOLOGY 
Family  LEPTICTIDAE  Gill,  18?2 

D i agnos  is.--  Dental  formula  I -j^-C-j-P-j.  (or  DP-]-) 

Canines  and  ( D ) P-J-  single  rooted.  P^  double  rooted,  usually 
trenchant  without  a basined  talonid.  P^  molariform  with  para- 
con  i d and  basined  talonid  with  three  or  more  cusps.  Molar  trigo- 
nids  anteroposter ior 1 y compressed.  Molar  talonids  with  large 
shallow  basins.  Entoconulid  often  present.  Mj  with  salient 
hypoconulid.  P-*  with  paracone,  metacone,  protocone  (protocone 
secondarily  lost  in  Leptictis  haydeni\  anterior  accessory  cuspule, 
and  posterior  cingulum.  Molariform  P.5  (hypocone  reduced,  vesti- 
gial, or  absent  in  some  forms)  with  posterior  and  anterior 
cingula.  Upper  molars  with  labial  1 y positioned  paracone  and 
metacone,  very  narrow  ectoc i ngu 1 urn , paraconule  and  metaconule, 
pre-  and  postcingula  and  a hypocone.  Skull  (where  known)  with 
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elongate  snout,  elongate  nasal  bones,  and  small  lacrimal  foramen. 
Infraorbital  canal  short.  Jugal  bone  present.  True  postglenoid 
process  well  developed.  Subsquamosal  foramen  present.  Maxilla 
with  large  orbital  wing.  Auditory  bulla  formed  by  entotympanic 
bone,  not  completely  covering  tympanic  cavity.  Medial  branch  of 
the  internal  carotid  artery  present,  but  small.  Flange  of  the 
periotic  at  the  posterior  wall  of  tympanic  chamber  absent  and  the 
fenestra  rotunda  fully  exposed.  Stylomastoid  foramen  not  iso- 
lated from  the  tympanic  chamber  by  the  tympanohyal.  All  known 
leptictid  skeletons  have  the  following  diagnostic  features: 

Forelimb  much  shorter  than  hindlimb.  Enlarged  deltoid  crest 
present  on  anterior  surface  of  humerus.  Hindlimb  with  elongate 
tibia,  fibula,  and  pes.  Tibia-fibula  contact  broad  or  bones  fused 
distally.  Sternum  enlarged  with  prominent  keel.  Strong  pubic 
symphysis.  Astragalar  foramen  present  ventral ly,  but  not  dorsal ly. 
Elongate  metatarsals  and  phalanges.  Plantigrade. 

Age  and  Distribution. — Early  Paleocene  - late  Oligocene,  North 
America;  late  Pa  1 eocene-? 1 ate  Eocene,  Europe  (see  Fig.  1,  Table  1 
for  distribution  of  North  American  Eocene  and  Paleocene  leptictids). 

Genera  exci uded . -Diacodon  (type  D.  altiouspis)  has  long  been  con- 
sidered a leptictid.  The  type  specimen  of  D.  altiouspis , USNM 
1098  from  San  Jose  Formation,  New  Mexico,  (See  Cope,  1875,  Matthew 
and  Granger,  1913) , a very  poorly  preserved  lower  jaw,  has  a 
broken  last  premolar  which  is  uncharacter i st i cal  1 y submolar iform. 
Excellent  undescribed  cranial  and  dental  materia)  of  Diaaodon 
altiouspis  from  the  San  Jose  Formation  further  demonstrates  that 
this  species  is  not  a leptictid.  Diacodon  altiouspis  differs 
from  leptictids  in  having  1)  a last  premolar  with  a small  meta- 
conid,  a paraconid  that  does  not  project  far  anteriorly,  and  a 
very  shortened  talonid  with  only  one  or  two  cusps;  2)  lower 
molars  with  low  trigonids  which  lean  slightly  forward  toward 
their  apices,  a very  low  cristiform  paraconid,  a reduced,  cen- 
trally positioned  hypoconulid,  and  a hypoconid  that  is  worn  flat 
and  much  lower  than  the  entoconid;  3)  a penultimate  upper  pre- 
molar that  is  minute  relative  to  the  last  one  and  has  only  one 
main  cusp;  A)  a last  upper  premolar  that  is  submo 1 ar i form,  lack- 
ing a definite  hypocone  and  having  a small  metacone  on  the  pos- 
terior shoulder  of  the  paracone,  a strong  postmetacrista  leading 
to  the  posterol i ngua 1 corner  of  the  crown,  and  a protocone  much 
lower  than  the  paracone  and  metacone;  5)  upper  molars  that  are 
not  transverse  but  anteroposter iorl y broad  with  prominent  para- 
stylar  and  metastylar  lobes,  and  strong  postmetacr i stae . In 
these  features  D.  altiouspis  more  closely  resembles  adap i sor i c i ds 
and  the  similarity  of  this  species  to  Scenopagus  edenensis 
(Robinson,  1966)  and  S.  mogreui  (McKenna  and  Simpson,  1359)  is 
striking. 

Other  species  of  Diacodon  have  either  been  removed  from  the 
Leptictidae  (see  Robinson,  1966,  and  Van  Valen,  1967)  or  referred 
to  other  leptictid  genera  (see  below). 
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Leptonysson  basiliscus  Van  Valen  (1967)  from  the  medial  Paleo- 
cene  (Tor rejon i an)  Crazy  Mountain  Field  Fauna  of  Montana  is  here 
excluded  from  the  Leptictidae  in  agreement  with  arguments  pre- 
sented by  Clemens  (1973,  P-  29*30).  Diacodon  packi  (originally 
described  as  Leptaoodon  paoki  by  Jepsen,  1930a)  has  a submolari- 
form  last  lower  premoiar  and  is  probably  a nyctitheriid  related 
to  Leptaoodon  tener  (McKenna,  1968). 

Remarks . --  The  most  recent  review  of  the  Leptictidae  was  published 
by  Van  Valen  (1967)  who  subdivided  the  family  into  three  sub- 
families - Procerber inae,  Gypson i ctop i nae  and  Leptictinae.  The 
Gyson i ctop i nae  includes  only  the  late  Cretaceous  genus  Gypsoni- 
c tops , whose  reference  to  the  Leptictidae  has  been  questioned 
(Butler,  1972).  Clemens  (1973)  considered  the  relationship  of 
Gypsonictops  in  detail  and  referred  this  genus  to  the  Leptictidae 
but  pointed  out  such  action  requires  a substantially  broader 
definition  of  the  family.  Unlike  all  Cenozoic  leptictids, 
Gypsonictops  variably  has  5 lower  premolars  set  closely  in  the 
jaw,  the  paraconid  of  P = is  small  or  absent,  and  the  PZ  and  upper 
molars  usually  lack  distinct  hypocones.  In  all  specimens  where 
the  posterior  region  of  the  mandible  is  preserved  an  inflected 
angular  process  is  present.  The  ectocingulum  or  stylar  shelf  on 
the  upper  molars  is  much  broader  than  that  in  Cenozoic  leptictids. 
Lillegraven  (1969,  P-  38)  and  Clemens  (1973,  P-  33)  have  also 
remarked  on  the  significant  difference  in  occlusal  pattern 
between  Gypsonictops  and  other  leptictids.  Since  four  upper  and 
lower  premolars,  a molariform  Pf,  and  molar  hypocones  are  key 
diagnostic  characters  of  all  leptictids  excepting  Gypsonictops, 
strong  argument  is  provided  for  removing  the  latter  from  the 
family.  It  presently  seems  best  to  regard  Gypsonictops  as  the 
most  closely  related  sister  group  but  not  as  a definite  member 
of  the  Leptictidae.  The  possible  relationships  of  Gypsonictops 
with  other  eutherian  families  has  been  considered  at  length  by 
Szalay  (1968),  Lillegraven  (1969),  Clemens  (1973)  and  McKenna 
(1975). 

Van  Valen's  (1967)  leptictid  subfamily  Procerber inae  has  been 
shown  by  Lillegraven  (1969)  to  be  more  properly  allied  with 
Cimole8te8  and  other  early  pa  1 aeoryct i ds , the  latter  may,  how- 
ever, be  related  to  leptictids  through  such  forms  as  Kennalestes 
and  Asiovyctes  (Kielan-Jaworowska,  1969,  1975;  McKenna,  1975  and 
pers . comm. ) . 

Several  European  genera,  Diaphyodectes , Adapts oriculus , and 
Adunator  (medial  and  late  Paleocene  Cernay  and  Walbeck  faunas), 
were  recognized  by  Russell  ( 1 964 ) as  leptictids.  Guth  (1962) 
described  an  exquisitely  preserved  leptictid  skeleton  from  late 
Paleocene  beds  at  Menat  Basin,  France,  but  made  no  formal  assign- 
ment of  the  specimen.  The  aberrant  Pseudorynchocyon  from  the 
early  Oligocene  Quercy  Phosphorites  was  recently  assigned  by  Sige 
(197*0  to  a new  leptictid  subfamily,  the  Pseudorynchocyon i nae . 

Sige  (197*0  also  allocated  the  medial  Eocene  Leptictidium  to  his 
newly  established  subfamily.  A detailed  consideration  of  the 
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relationships  of  the  alleged  European  leptictids  to  North  Ameri- 
can forms  is  presented  elsewhere  (Novacek,  unpubl ished  data). 

Genus  Palaeictops  Matthew,  1899 

Stypolophus  Cope,  1 880 

Ictops : Cope,  1 88 1 

Pavictops  Granger,  1910 

Diacodon:  Matthew  and  Granger,  1918 

Diagnos i s.  --  Pi  and  upper  molars  not  transverse  nor  anteropos ter i - 
orly  compressed,  with  low  bulbous  cusps  very  narrow  stylar  shelves, 
smal 1 but  distinct  hypocones,  very  short  anterior  cingula,  and 
conules  situated  labial ly  at  base  of  paracone  and  metacone.  Mi 
not  significantly  transversely  wider  than  Mi.  Parastylar  spurs 
not  strongly  developed  and  ectoflexi  not  deep  on  Mi  and  hX. 
Paraconid  on  Pf  well  developed.  Molar  trigonids  not  as  elevated 
as  in  Prodiacoaon . Skull  (where  known)  with  a single  median 
sagittal  crest  and  a very  narrow  zygomatic  arch. 

Type  species.--  Palaeictops  bicuspis  (Cope,  1 880 ) described  as 
Diacodon  bicuspis  by  Matthew  and  Granger  (1918). 

Geologic  range.--  Wasatchian  (early  Eocene) -ear  1 y Uintan  (later 
Eocene) . 

Remarks . --  Species  of  Palaeictops  can  easily  be  distinguished 
from  other  known  Paleocene  and  Eocene  leptictids  by  their  notable 
lack  of  such  sectorial  features  as  very  transverse,  anteroposter i - 
orly  compressed  molars  with  sharp,  elevated  cusps,  which  indicate 
an  emphasis  on  shearing  and  piercing  in  occlusion.  The  major 
difficulty  arises  in  conveniently  separating  Palaeictops  from  the 
Oligocene  leptictid  Leptictis  (Leidy,  1 868) . There  are  definite 
dental  differences  between  the  two  genera  but  a series  of  species 
here  referred  to  Palaeictops  represent  intermediate  stages  that 
grade  easily  into  the  condition  represented  in  Leptictis  (see 
below).  The  type  species  of  Palaeictops , P.  bicuspis,  however, 
is  clearly  different  from  Leptictis  in  the  presence  of  a single 
sagittal  crest  rather  than  double  parasag i t ta 1 s , and  in  having 
nasal  bones  which  are  enlarged  posteriorly.  Van  Valen  (1967) 
expressed  doubt  as  to  whether  parasagittal  crests  were  univer- 
sally present  in  Leptictis  but  this  feature  is  in  fact  present 
without  exception  in  the  large  sample  (200  skulls)  representing 
the  genus.  The  double  parasagittal  crest  therefore  appears  to  be 
a useful  diagnostic  character  in  separating  Leptictis  from 
Palaeictops.  Unfortunately,  the  single  sagittal  crest  is  clearly 
preserved  only  in  P.  bicuspis.  Reference  of  other  species  to 
Palaeictops  is  based  primarily  on  dental  evidence,  and  conse- 
guently  the  assignment  of  species  like  P.  matthewi  is  somewhat 
arbitrary.  This  is  to  be  expected.  Palaeictops  is  undoubtedly 
very  closely  related  to  Leptictis  and  one  of  its  lineages  proba- 
bly gave  rise  to  the  latter. 
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Palaeictops  bicuspis  (Cope,  1880)  Matthew,  1 899 


Pig-  3 

Stypolcphus  bicuspis  Cope,  1880,  p.  746 

Ictops  bicuspis:  Cope,  1 88 1 , p.  192;  Cope,  1885,  PI.  XXIXa,  figs. 

2 and  3 

Palaeictops  bicuspis  Matthew,  1899 

Diacodon  bicuspis  Matthew  and  Granger,  1918,  p.  574-576,  figs.  3~5 

D i agnos is.--  pilwith  large,  swollen  paracone,  very  small  anterior 
accessory  cuspule,  and  small  protocone.  Stylar  shelf  on  PiL  only 
present  external  to  metacone.  Hypocone  present  on  PiL  Pre- 
cingulum on  pJL  and  upper  molars  not  extensive,  terminating  far 
short  of  lingual  edge  of  protocone.  Pit  lacking  an  anterior  acces- 
sory cusp.  PTj-heel  is  very  small.  P^-with  large  bulbous  para- 
conid,  and  minute  cuspule  at  labial  base  of  paraconid.  Lower 
molars  with  bulbous  rather  than  piercing  cusps,  trigonids  not 
greatly  elevated  relative  to  talonids.  fWwith  salient  hypo- 
conulid.  Skull  with  single  sagittal  crest  and  nasals  swollen 
posteriorly. 


Type. --  AMNH  4802,  skull  and  jaws 


Type  local i ty ■ --  Wind  River  Basin,  Wyoming.  Wind  River  Fm. , 
Wasatchian  [early  Eocene). 


Referred  material.--  AMNH 
from  Will  wood  Fm. , Bighorn 


4255,  left  mandible  with  broken  M^_, 
basin,  Wyoming.  Wasatchian. 


Vt 


Remarks . --  Cope  ( 1 880 ) originally  described  Palaeictops  bicuspis 
as  a species  of  Stypolophus , a taxon  also  containing  several 
creodonts,  and  later  ( 1 88 1 ) transferred  the  species  to  the  Oligo- 
cene  genus  Ictops  (now  considered  a junior  synonym  of  Leptictis ; 
see  Van  Valen,  1967).  The  name  Palaeictops  was  assigned  by 
Matthew  (1899)  in  a footnote  of  a b iost rat i graph ic  review. 

Matthew  and  Granger  ( 1918)  referred  the  species  to  Diacodon , but 
was  later  taken  out  of  synonomy  by  Gazin  (1952)  who  recognized 
the  very  reduced  talon  id  of  P_  in  Diacodon  alticuspis  as  a 
character  denoting  its  generic  separation  from  Palaeictops. 


The  type  of  Palaeictops  is  a badly  crushed  skull,  and  the 
reconstruction  of  the  specimen  provided  by  Matthew  and  Granger 
(1918,  Fig.  3 and  5,  p.  575)  takes  some  rather  strong  creative 
liberties.  For  example,  the  reconstruction  shows  the  presence  of 
three  incisor  alveoli  in  the  upper  jaw,  while  only  two  can  actu- 
ally be  discerned  on  the  specimen.  The  reconstruction  of  the 
skull  shape  is  based  primarily  on  the  Oligocene  Leptictis  and  its 
accuracy  seems  doubtful.  However,  at  least  the  diagnostic 
cranial  features  of  P.  bicuspis , the  single  sagittal  crest  and 
the  posteriorly  flared  nasal  bones,  are  readily  recognizable  in 
the  original  specimen. 
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Fig.  3-  Palaeiatops  bicuspis  AMNH  4802  Type.  A.  Left  maxilla 
with  C,  p5,  M 1 ~ 3 ancj  alveoli  for  |3,  (0)  P^,  P^,  occlusal  view. 
8.  Left  mandible  with  P^  fragment,  and  alveoli  for  (d) 

P i , ?2,  occlusal  view.  C.  Same  specimen  as  B,  lateral  view. 

Palaeiatops  bri-dgeri  (Simpson,  1959)  Van  Valen,  1967 

Diacodon  bridgeri  Simpson,  1959;  p-  1*5,  fig-  1. 


D i agnos is.--  Very  similar  to  Palaeictops  bicuspis  in  dental 
features  but  approximately  15%  larger  and  Pj  with  a distinctly 
more  open  prefossid  as  a result  of  the  antero 1 i ngua 1 projection 
of  the  paraconid  and  the  position  of  the  metaconid  more  posterior 
to  that  of  the  protoconid.  Talonid  basins  relatively  broader 
than  in  P.  bicuspis. 

T ype  Spec i men . --  AMNH  56032,  a right  lower  jaw  with  Py-My. 

Type  local i ty. --  Locality  6 of  McGrew  (1959)  in  the  vicinity  of 
Tabernacle  Butte,  Wyoming.  Bridger  Formation,  Bridgerian  (medial 
Eocene) . 
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Remarks.--  In  his  original  description  of  Palaeietops  bridgeri , 
Simpson  (1959)  noted  the  strong  similarity  between  this  species 
and  P.  bicuspis.  If  not  for  its  distinctive  Py  character i st ics  P. 
bridgeri  would  be  synonomous  with  the  genotypic  species.  At  the 
least,  the  two  species  appear  to  be  very  closely  related. 

Simpson  (1959)  remarked  that  the  trigonids  in  Palaeietops  bridgeri 
are  not  particularly  short  or  square;  but  this  is  not  entirely 
accurate  as  the  trigonids  in  this  species  have  the  relatively 
lower  profile  characteristic  of  Palaeietops  in  contrast  to  the 
higher,  more  piercing  trigonid  cusps  of  Prodiacodon. 

Palaeietops  b'ridgeri  shows  a close  resemblance  to  the  Leptietis 
species,  L.  haydeni , and  L.  dakotensis  in  lower  cheek  tooth  mor- 
phology. However  this  Bridgerian  species  is  distinguished  from 
Leptietis  in  details  characteristic  of  Palaeietops,  namely  a P~^ 
paraconid  set  more  lingual ly  rather  than  central  on  the  antero- 
posterior axis  of  the  crown,  less  conical  paraconids,  and  a more 
salient  hypoconulid  on  My. 

Palaeietops  multieuspis  (Granger,  1910)  Van  Valen,  1967 

Fig.  4 

Parieiops  multieuspis  Granger,  1910 

D i aqnos  is.--  Large  Palaeietops  species  with  much  deeper  ramus 
than  other  species  referred  to  the  genus.  Mental  foramen  below 
anterior  root  of  Py.  Py  trenchant  with  four  cusps.  Py  very  large 
tooth;  higher  than  Py,  trenchant  with  very  small,  low  anterior 
accessory  cusps,  two^main  cusps,  and  at  least  two  low  cusps  on  the 
shortened  heel.  All  cusps  aligned  along  the  anteroposterior  axis 
of  the  tooth.  Py  with  strong  paraconid  and  minute  cuspule  at 
labial  base  of  paraconid.  Py  paraconid  large,  not  well  separated 
from  metaconid,  with  prefossid  interrupted  labial ly  by  close 
approx i mat  ion  of  paraconid  with  protoconid.  Paraconid  on  molars 
set  quite  lingual ly  and  closely  approximated  to  metaconid.  Hr- 
hypoconulid  not  so  posteriorly  projecting  as  in  Palaeietops 
bic'aspis. 

Type  Specimen.--  AMNH  14741,  a left  ramus  with  PyPyP-rHyyr  and  a 
right  ramus  with  PyPyM-p^r  and  alveoli  for  doub  1 e- rooted  Pj  and 
single  rooted  canine,  ana  three  incisors. 

Type  local i ty. --  Alkali  Creek,  (Buck  Springs)  of  Wind  River  Basin, 
Wyoming.  Lost  Cabin  beds,  Wind  River  Formation,  Wasatchian  (early 
Eocene) . 

Remarks. --  The  reference  of  this  species  to  Palaeietops  is  pro- 
visional; it  is  primarily  based  on  the  low  profile  of  the  molar 
trigonids  and  the  similarity  of  the  Py  to  that  of  P.  bicuspis  in 
the  strong  development  of  the  paraconid  and  the  presence  of  a 
minute  cuspule  at  the  labial  base  of  the  paraconid.  Unfortunately, 
heavy  wear  on  the  molars  renders  an  accurate  estimate  of  trigo- 
nid elevation  impossible.  As  is  evident  from  the  diagnosis  of 
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A 1 

4mm. 


B 

FIG.  A.  Palaeictops  multicuspis . AMNH  1A7A1  Type.  Left  mandibl 
with  P^_j,  , A.  Occulusal  view.  B.  Lateral  view. 

Palaeictops,  upper  molars  are  much  more  useful  for  purposes  of 
identification  than  are  lower  molars. 

The  FAr  and  of  Palaeictops  multicuspis  are  unique  in  their 
large  size  and  in  the  development  of  several  cusps.  As  in  the 
dentitions  of  species  of  Prodiacodon,  an  anterior  accessory  cusp 
is  present  on  P^  but  the  great  size  of  this  tooth  relative  to  P-r 
differs  from  the  condition  observed  in  all  Prodiacodon  species.' 

I concur  with  Van  Valen  (1967,  P-  235)  that  the  characters  of 
Py  and  Ppp  (=  Van  Valen’s  P-j)  do  not  warrant  recognition  of 

Palaeictops  multicuspis  as  a distinct  genus. 
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ralaeiciops  rzatthewi  new  species 
Figs.  5,  6 

D i agnos is.--  Species  of  Palaeiotops  with  lower  dentition  similar 
to  P.  Tuitions  pis  but  8%  smaller  and  Py  simpler  in  morphology 
with  only  one  main  trenchant  cusp  and  a basal  posterior  cuspule. 

Py  very  large  doub  1 e- rooted  tooth  much  higher  than  P-^-with  a 
minute  anterior  basal  cuspule,  a very  large  main  cusp  broadly 
connected  with  a slightly  smaller,  more  posterior  cusp,  and  a 
short  transverse  ridge  on  the  posterior  heel  separated  from  the 
rest  of  the  crown  by  a transverse  trough.  Trigonids  in  P^-  and 
lower  molars  not  greatly  elevated  relative  to  talonid.  Pt  meta- 
conid  set  posterior  to  protoconid  but  not  to  the  degree  present 
in  P.  bridgeri.  P—  high,  enlarged  tooth  (relatively  much  higher 
than  pi.)  with  a very  prominent  paracone,  smaller  metacone,  and 
low  protocone.  Apex  of  protocone  set  directly  opposite  the  notch 
between  the  paracone  and  metacone.  Very  narrow  cingula  present 
anterior  to  paracone  and  posterior  to  metacone.  pi.  with  very 
narrow  stylar  shelf  continuous  along  lab'al  border  of  crown  and 
slight  ectoflexus.  Postcingulum  well  developed.  Small  parastyle 
and  parastylar  lobe,  conules  set  labial ly  at  bases  of  paracone 
and  metacone.  Upper  molars  with  labial  conules.  Precingula  not 
elongate,  terminating  linqualty  nearly  directly  below  the  midpoint 
of  the  preprotocr  i sta . HiM^-with  distinct  parastylar  and  meta- 
stylar  spurs.  Hypocones  larger  than  in  Prodiacodon  but  not  so 
developed  as  in  Leptiotis.  Tibia-fibula  fused  for  most  of  their 
shaft  lengths,  as  in  Leptiotis.  Nasals  swollen  posteriorly  (?) 
as  in  Palaeiotops  bieuspis. 

Type  specimen.--  P269GA  (CMNH)  lower  mandible  with  C-hU-,  badly 
damaged  skull  with  cheek  teeth,  partial  skeleton  including  lumbar 
and  caudal  vertebrae,  pelvis,  femur,  tibia,  carpals,  tarsals  and 
pha 1 anges . 

Type  loca 1 i ty. --  Cherard  Park,  Garfield  Co.,  Colorado.  Shire 
Member?,  Wasatch  Formation,  Wasatchian  (early  Eocene). 


Referred  specimens.--  AMNH  17555-  Skull  fragments, 
jaws,  and  partial  skeleton  from  Garcia  Canon  region. 
Lower  beds  of  Huerfano  Formation,  Wasatchian  (early 
P2 64 8 1 , fragmentary  upper  jaw  with  DPA,  Pi- 


partial  1 owe  r 
Colorado. 
Eocene) . 


Etymology. --  Named  after  Dr.  William  D.  Matthew,  late  19th-early 
20th  century  paleontologist  who  made  significant  contributions  to 
the  study  of  leptictids  and  many  other  Tertiary  mammals. 


Rema  rxs . - - Palaeiotops  m atthewi  is  an  interesting  species  because 
it  exhibits  a dental  morphology  transitional  between  other  species 
of  Palaeiozops  and  the  Oligocene  Leptiotis  hay  deni  and  L.  dako- 
tensis.  Tne  similarity  between  the  P-^P^  morphology  of  the  latter 
species  and  - . natzhezn.  is  striking.  The  only  significant  differ- 
ence is  the  lack  of  an  anterior  accessory  cusp  in  the  Pjj-  of 
Leztiztis.  The  overall  morphology  of  PyP-jj-  is  unique  within  the 
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B 


FIG.  5-  Palaeictope  matthewi.  n.sp-  CMNH  2690*!  Type.  Fragmentary 
skull  with  canine  root,  P^  fragment,  P and  alveolus  for 

(D)P1.  A.  Later i a 1 view.  B.  Occlusal  view. 


Leptictidae  to  Leptiatis  and  P.  matthewi  and  is  here  interpreted 
as  a shared-derived  character.  Skeletal  features  in  P.  matthewi 
also  strongly  resemble  those  in  Leptiatis ; particularly  interest- 
ing is  the  common  possession  of  tibia-fibula  fusion  for  almost 
the  total  length  of  the  shaft,  a distinct  departure  from  the  more 
primitive  condition  represented  in  Pvodiaaodon  where  only  the 
distal  ends  of  the  tibia-fibula  are  fused.  There  is,  in  fact,  a 
strong  enough  resemblance  of  ?.  matthewi  to  Leptiatis  to  make  the 
generic  assignment  of  this  form  somewhat  arbitrary.  However, 
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FIG.  6.  Palaeiatcps  matthevi  n.sp.  CMNH  2690A  Type.  Right 

mandible  with  (d)P1>P2,  p/,_r,  A.  Occlusal  view.  8.  Lateral 

view.  J 


P.  matthewi  has  not  yet  made  the  full  transition  in  molar  special- 
izations: unlike  Leptictis  and  like  other  species  of  Palaeictop s 

the  upper  molars  do  not  show  the  exaggerated  swelling  of  the  molar 
cusps,  the  strongly  developed  hypocones,  the  row  of  small  cuspules 
on  the  posterior  cingulum,  and  the  lack  of  prominent  parastylar 
and  metastylar  spurs  on  Mill,  These  differences  are  slight,  to 
be  sure,  but  would  be  expected  when  sampling  forms  that  possibly 
represent  intermediates  between  two  major  taxa.  Unfortunately, 
the  tyoe  skul I of  P.  ructthewi  is  too  badly  damaged  to  provide 
useful  taxonomic  information.  It  is  not  known,  for  instance,  if 
P.  laitheui  had  double  parasagittal  crests  as  in  Leptictis  or  a 
single  one  as  in  P.  bicuspis . The  nasal  bones  appear  to  be  en- 
larged posteriorly  (as  in  p.  bicuspis  but  not  as  in  known  skulls 
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of  Leptictis) , however  this  observation  may  not  be  reliable  due 
to  damage  in  this  region  of  the  skull. 

Palaeictops  multiouspis  resembles  F.  matthewi  in  having  an  en- 
larged P-jj-  of  very  similar  structure.  However,  the  P^  in  P. 
multiouspis  is  quite  distinct  in  morphology,  and  this  coupled 
with  its  significantly  larger  size  seems  sufficient  evidence  for 
keeping  P.  multiouspis  specifically  separate  from  P.  matthewi. 

Palaeictops  sp. 

A partial  leptictid  skull  and  jaws  with  dentition  has  been  re- 
covered from  unit  2k  (A  beds)  of  the  type  section  of  the  Tepee 
Trail  Formation  in  the  East  Fork  Basin,  Fremont  County,  Wyoming 
(see  Love,  1939;  McKenna,  1972  for  locality  descriptions).  This 
specimen  and  two  other  jaw  fragments  were  kindly  loaned  to  me  for 
study  by  Dr.  Malcolm  McKenna,  who  is  currently  conducting  field 
work  and  faunal  analysis  in  the  East  Fork  Basin.  My  interpre- 
tation that  the  specimens  represent  a new  species  of  Palaeictops 
will  be  supported  elsewhere  with  detailed  descriptions,  compari- 
sons and  illustrations. 

Myrmecoboides  G id  ley,  1915 
Myrmecoboides  montanensis  G i d 1 ey , 1915 

Fig.  7 

Diagnos is. --  Anterior  premolars  well  spaced.  P-  very  small, 
s i ngl e- rooted . Pjj  with  paraconid  and  heel  with  basin  and  posteri- 
or cusp  (D?)Pz  paraconid  considerably  salient,  prefossid  open 
labially  and  Tingually,  heel  elongate  very  narrow  without  hypo- 
conulid.  Molar  trigonids  not  nearly  as  elevated  as  in  Prodia- 
codon,  paraconids  situated  very  lingual ly,  closely  appressed  to 
metaconid  producing  a "twinned"  appearance.  Molar  paraconids 
and  metaconids  much  higher  than  protoconids.  M-  talonid  elon- 
gate with  salient  hypoconulid.  Entoconulid  present  on  Pz  and 
lower  molars. 

Type  species.--  Myrmecoboides  montanensis,  middle  Paleocene 
(Torrejon i ar)  described  by  Gidley  (1915)  and  later  by  Simpson 
(1937,  p.  115-118,  figs.  17-18). 

Type  specimen.--  USNM  8037-  Left  lower  jaw  with  P--M-. 

Type  1 oca  1 i ty . Gidley  Quarry,  Crazy  Mountain  Field,  Sweetgrass 
County,  Montana.  Fort  Union  Formation,  Torrejonian  (middle 
Pa  1 eocene) . 

Referred  material.--  USNM  9552,  P--M-^  (see  discussion  below). 

Rema rks . --  In  the  original  description  of  Myrmecoboides,  Gidley 
(1915)  all ocated  this  genus  to  the  Marsupialia,  noting  its  strong 
similarities  with  Myrmecobius.  Simpson's  (1937)  re-analysis 
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FIG.  7-  Ityrmecobo ides  montanensis  USNM  8037  Type.  Left  Mandible 
with  ( D ) P ^ , P^,  P^_^,  Mi-3’  A.  Occlusal  view.  B.  Lateral  view. 

demonstrated  that M yrmeaoboides  is  best  referred  to  the  Leptiti- 
dae,  but  as  he  noted,  its  position  in  the  family  is  isolated. 
Particularly  striking  is  the  unique  structure  of  the  molar  trigo- 
nids,  namely,  the  lingual  position  of  the  paraconid  and  its  close 
appression  to  the  metaconid  and  the  much  higher  relief  of  the 
"twinned"  metaconid  and  paraconid  relative  to  the  protoconid. 

An  upper  dentition  ( P- -M^ , USNM  9552)  from  Gidley  Quarry  re- 
ferred by  Simpson  (1937)  to  Murmeooboides  montanensis  shows  a 
strong  resemblance  to  corresponding  teeth  in  Prodiaoodon  puer- 
censis , thus  suggesting  a relationship  with  the  latter.  I sus- 
pected (in  agreement  with  the  unpublished  opinions  of  Craig  Wood) 
the  reference  of  this  upper  set  of  cheek  teeth  to  M.  montanensis 
was  erroneous.  Percy  Butler  (personal  communication)  has  how- 
ever carefully  analyzed  the  occlusal  relationships  of  the  upper 
and  lower  dentition  and  convinced  me  that  the  association  is 
probably  valid.  I am  still  open  to  the  possibility  that  USNM 
9552  might  represent  the  upper  cheek  teeth  of  Prodiaoodon  furor, 
a new  species  from  Gidley  Quarry  (see  below). 
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Prodiacodon  Matthew,  1929 


Diaaodon:  Matthew  and  Granger,  1918;  Gazin,  1952 
Palaeiatops:  Van  Valen,  1 96 7 


Diagnosis.--  P-  and  molars  transverse,  ante ropos te r i or  1 y com- 
pressed with  sharp  piercing  cusps.  P-  hypocone  vestigial  or 
absent.  Conules  set  lingual ly,  not  at  the  base  of  paracone  and 
metacone  as  in  Palaeiatops  and  Leptiatis . Precingula  on  P^  and 
molars  long,  nearly  reaching  ante ro 1 i ngua 1 corner  of  the  crown. 
Hypocone  on  upper  molars  very  short  relative  to  protocone. 
Paraconule  lingual  to  metaconule  on  M-M-.  Paraconul^  "doubled" 
where  upper  molars  are  known.  Parastylar  lobes  on  M-  and  M- 
prominent  and  ectoflexi  deep.  Lower  molars  with  sharp  cusps. 
Trigonids  high  and  anteroposteriorly  compressed.  Paraconid  not 
closely  "twinned"  with  metaconid  and  not  higher  than  protoconid 
as  in  Myrmecoboides . 


Type  species. --  Prodiacodon  puercensis. 


Rema rks . - -Prodiaaodon  is  a broadly  defined  genus  which  includes 
forms  emphasizing  a sectorial  mode  of  occlusion.  The  molar  cusps 
are  high  and  piercing.  Except  for  the  development  of  £he  hypo- 
cones  and  the  lingual  cingula,  the  complexity  of  the  P-  and  the 
molariform  structure  of  P Z,  Prodiacodon  resembles  other  early 
eutherians  in  the  general  structure  of  the  molar  morphology,  and 
it  is  quite  plausible  that  the  molar  structure  in  Prodiaaodon  is 
more  primitive  than  that  seen  in  Palaeictovs  and  Leptiatis. 


It  follows  that  the  concept  of  Prodiacodon  presented  here  is 
based  primarily  on  dental  characters  which  are  primitive  for  the 
Leptictidae.  However,  all  species  of  Prodiacodon  can  be  sepa- 
rated from  their  most  closely  related  pi es i omorph i c sister  taxon, 
Gypsonictops , in  the  common  possession  of  characters  derived 
relative  to  the  lattei — -narrow  stylar  shelves,  hypocones  invari- 
ably present  on  the  upper  molars,  paraconids  always  present  on 
P-,  and  only  k premolars. 

Prodiacodon  has  been  traditionally  recognized  as  a monotypic 
genus,  but  here  includes  various  species  formerly  allocated  to 
both  Diaaodon  and  Palaeiatops  (see  Van  Valen,  1967) - 

Prodiacodon  puercensis  (Matthew  and  Granger,  1918)  Matthew,  1929 

Fig.  S 

Diaaodon  (Palaeolestes)  puercensis  Matthew  and  Granger,  1918,  p. 
576,  579,  figs.  6-9. 

U 4 

D i agnos is.--  P-  paracone  not  greatly  swollen  anteriorly.  P- 

protocone  subequal  with  metaco^e  in  height;  anterior  and  posterior 

accessory  cuspules  present.  P-  with  paracone  and  metacone  broadly 

joined,  and  hypocone  vestigial  or  absent  but  pre-  and  postcingula 

present.  Molars  with  very  small  hypocones  and  elongate  pre- 
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cingula.  ‘'Doubled"  paraconules  present  on  M-.  Pjj  with  small  an- 
terior accessory  cusp,  large  bulbous  medial  cusp,  small  posterior 
cusp,  and  a short  heel  with  a small  cuspule.  Pp  paraconid  very 
small;  talonid  with  k cusps.  Entoconulids  present  on  lower 
molars.  talonid  with  5 cusps.  Skeleton  differs  from  that  in 

Leptictis  in  1)  tibia-fibula  fused  only  at  the  distal  ends,  shafts 
being  wholly  free,  2)  distal  parts  of  astragalus  and  calcaneum 
considerably  shorter,  and  3)  first  digit  longer. 

Type  specimen.--  AMNH  1 60 11,  maxillary  fragment  with  P-.  edentulous 
lower  jaw  fragments,  humerus,  femur,  tibia,  fibula,  tarsals,  car- 
pals,  and  phalanges. 

Type  local i ty. --  Torrejon  Arroyo,  San  Juan  Basin,  New  Mexico. 
Nacimiento  Formation,  Torrejonian  (middle  Paleocene). 

2 3 

Referred  material.--  AMNH  167^*8,  maxillary  with  P--M^,  mandible 
with  Pjj-Mz;  partial  skeleton.  AMNH.16598  mandible  with  P--M-  and 
associated  maxillary  with  partial  P-,  M^  ~-3 , Torrejon  Arroyo. 

AMNH  703,  left  femur,  astragalus.  Rio  Torrejon,  San  Juan  Basin, 
Nacimiento  Formation. 

Rema rks . --  Prodiacodon  puercensis  was  originally  recognized  as  a 
subgenus  of  Diacodon  by  Matthew  and  Granger  ( 1 9 1 8 ) who  assigned 
the  (subgeneric)  name  Palaeolestes . Matthew  (1929)  later  raised 
this  form  to  generic  rank  and  named  it  Prodiacodon,  as  the  name 
Palaeolestes  was  preoccupied. 

The  overall  similarities  of  the  skeleton  of  Prodiacodon  to 
that  of  Leptictis  were  noted  by  Matthew  and  Granger  (1918). 

These  authors  viewed  Prodiacodon  puercensis  as  "...an  ancestral 
type  of  the  leptictine  phylum",  but  details  of  dental  morphology, 
such  as  the  5'cusped  talonid  in  M-  tVie  multi-cusped  Pjj , and  the 
"doubled"  paraconule  in  Hill,  preclude  an  argument  for  its  direct 
ancestry  to  Palaeictops  or  other  species  of  Prodiacodon.  P. 
puercensis  is  best  viewed  as  early  offshoot  of  the  Prodiacodon 
group.  It  is  interesting  to  note  that  the  above  cited  "primi- 
tive" features  in  the  skeleton  of  P.  puercensis  correspond  with 
the  hypothesis  based  on  dental  evidence  that  Prodiacodon  is  a 
primitive  leptictid  genus. 

Prodiacodon  tauricinerei  (Jepsen,  1930b) 

Diacodon  tauricinerei  Jepsen,  1930b,  p.  12A-126,  pi.  Ill,  fig.  1- 
k . 

Palaeictops  taurzcinerei  Van  Valen,  19&7 
Diacodon  pineyensis  Gazin,  1952 
Palaeictops  pineyensis  Van  Valen,  1967 

Diagnosis.--  Similar  to  Prodiacodon  puercensis  but  smaller  with 
more  transverse  and  anteroposter iorl y compressed  molars.  Hypo- 
cone  present  on  pi.  pi  stylar  shelf  very  narrow  but  present 
external  to  metacone.  Paracone  and  metacone  on  Pi  not  broadly 
joined.  Like  P.  vuercensis  "doubled"  paraconule  present  on  Mt . 
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FIG.  8 Pvodiaaodon  vu.evcsr.sis  AMNH  16798.  A.  Right  maxillary 
fragment  with  P2,  p9"5,  m'"3  and  alveolus  for  ( D ) P 1 , occlusal 
view.  B.  Left  mandible  with  P5,  and  alveoli  for  P2,  P^, 

occlusal  view.  C.  Right  P^,  lateral  view.  0.  Same  specimen  a 
C,  lateral  view. 
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(d)  P-y  and  Pj  closely  situated  and  procumbent.  Pjj  with  five  cusps, 
second  cusp  from  anterior  largest;  heel  longer  than  P.  puercensis. 
Anter  iormost  cusp  on  Pjj  small,  but  larger  than  in  P.  puercensis. 

Pj  paraconid  larger  than  in  P.  puercensis,  well  separated  from 
protoconid  and  metaconid,  prefossid  open  both  labial ly  and  lingu- 
ally.  P?  talonid  with  k cusps.  Metaconids  higher  than  proto- 


con  ids  on 


*1^7- 


Type  spec i men . --nPU^ 1 3 104 , right  and  left?  lower  jaw  with  C-M-. 
Maxillary  with  I--M*,  crushed  skull. 


Type  loca I i ty . --  "Shale  Pocket"  one  and  one-half  miles  south  of 
Dorsey  Creek,  and  two  miles  south  of  Otto-Basin  road,  Bighorn 
Basin,  Bighorn  County,  Wyoming.  Gray  Bull  beds,  Wi I lwood  Forma- 
tion, Wasatchian  (early  Eocene). 

Referred  specimens.--  PU  13267,  lower  jaw,  incisors  preserved  on 
right  side.  Locality  same  as  type  (Jepsen,  1930b).  PU  1 726 , 
maxillary  with  right  and  left  C-M*.  AMNH  80023,  right  mandible 
fragment  with  P?Mz,  East  Alheit  Pocket,  Four  Mile  Creek,  Moffit 
County,  Colorado.  Wasatch  Formation.  AMNH  80695,  left  mandible 
fragments  with  partial  P-^-,  P-j,  M--,  Mj.  S.  Elk  Creek,  Bighorn 
Basin,  Wyoming.  Wasatchian.  AMNH  48763 , right  mandible  P^,  M- 
88  Quarry,  Arroyo  Blanco,  New  Mexico.  San  Jose  Formation, 
Wasatchian.  AMNH  1283? , left  mandible  with  P^-M,  right  maxil- 
lary fragments  with  right  piL,  M left  maxillary  fragments  with 
mI-2-1.  Bridger  Creek,  Wind  River  Basin,  Wyoming.  Wind  River 
Formation,  Wasatchian  (See  Matthew  and  Granger,  1918,  p.  572-573)- 
USNM  19204,  left  mandible  with  fragments  of  Py,  Mj'_ j . Big  Piney, 
Sublette  County,  Wyoming.  Knight  Member,  Wasatch  Formation, 
Wasatchian.  Described  as  the  type  of  Diaeodon  pineyensis  by 
Gazin,  1952.  Five  isolated  teeth  from  Powder  River  local  fauna. 
Wasatchian  (Delson,  1971,  p.  324*325). 


Remarks.--  Prodiacodon  tauricinerei  was  first  described  by  Jepsen 
(1930b)  who  noted  that  "Compared  with  other  Diacodons,  this 
species  has  molars  with  unusually  small  anteroposterior  diameters 
and  great  1 i nguo- 1 ab i a 1 dimensions".  This  character  is  more 
exaggerated  than  in  P.  puercensis  but  the  dental  differences  be- 
tween the  two  forms  are  less  than  generic.  P.  tauricinerei 
differs  from  P.  puercensis  in  having  smaller,  more  transverse 
molars,  a greater  number  of  cusps  and  a longer  heel  on  Pjj , and 
other  characters  noted  in  the  above  diagnosis. 

It  appears  that  many  variously  named  early  Eocene  leptictids 
are  referable  to  Prodiacodon  tauricinerei.  These  include  an 
upper  and  lower  jaw  in  association  from  the  Wind  River  Basin 
(AMNH  12831)  referred  by  Matthew  and  Granger  ( 1918)  to  Diaeodon 
alticuspis  and  Diaeodon  pineyensis  (Gazin,  1952).  The  latter  was 
represented  only  by  a fragmentary  P^-  and  M but  these  teeth  are 
nearly  identical  to  corresponding  teeth  in  tne  type  of  P.  tauri- 
cinerei, although  they  are  slightly  larger  with  a more  antero- 
posteriorly  compressed  trigonid  on  M^-  Such  differences  are 
ascribed  here  to  intraspecific  variation. 
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Prodiaoodon  concordiarcensis  Simpson,  1935,  p.  228 

Fig.  9,  10 

Diaoodon  concordiarcensis  (Gazin,  1956)  Van  Valen,  1967- 
Diacodon  pearcei  Gazin,  1956 

Pi agnos  is.--  Much  smaller  than  Prodiaoodon  pueroensis  and  P. 
tauricinerei.  trenchant  "mitten  shaped"  in  lateral  view. 

P-  and  Pr  with  minute  anterior  accessory  cuspule,  large  middle 
cusp,  ana  small,  very  low  posterior  cusp.  Pjj  much  lower  than  Pz. 
Pjj  heel  separated  anteriorly  from  main  cusp  by  a continuous  trans- 
verse trench.  Pz  talonid  anteroposteriorly  shorter  than  P.  puer- 
oensis and  P.  tauricinerei.  P-  and  molars  with  three  (not  four) 
cusps  on  talonids.  M-  trigonid  with  paraconid  morenearly  centra! 
position  than  in  P.  pueroensis  and  P.  tauricinerei. 

Type . USNM  9637,  left  mandible  fragment  with  P- , P-,  and  M-. 

Type  local i ty. --  Gidley  Quarry,  Crazy  Mountain  Field,  Sweetgrass 
County,  Montana.  Fort  Union  Formation  (Lebo  Member).  Torre- 
jonian  (middle  Pal  eocene). 

Referred  specimens.--  AMNH  35693,  right  mandible  with  P-^ — 

Hy— z-,  from  type  locality.  AMNH  3569A,  right  lower  jaw  with  P-^ — 27 
from  type  locality.  USNM  20970,  left  mandible  fragment  with  ’ 
P--M-  from  Saddle  Locality,  Bison  Basin  at  South  Rim  County, 
Wyoming.  Fort  Union  Formation.  Tiffanian  (later  Paleocene). 
Described  as  the  type  of  Diaoodon  pearcei  by  Gazin,  1956. 

Remarks . --  Prodiaoodon  concordiarcensis  is  the  smallest  known 
leptictid  and  is  easily  distinguishable  from  other  species  of 
Prodiaoodon  by  this  character.  The  curious  "mitten-shaped"  morph- 
ology of  Pzj — 2 — Zj  anc*  the  reduced  size  of  P-  relative  to  Pjj  in  this 
species  are’also  unique  specializations  for  the  family  and  a close 
affinity  with  later  members  of  Prodiaoodon  seems  unlikely. 

in  his  discussion  of  "Diaoodon  pearcei"  Gazin  commented  (1956, 
p.  17)  on  "the  closeness  of  resemblance  between  D.  (Diaoodon) 
concordiarcensis  and  D.  ( Diaoodon ) pearcei".  The  similarity 
between  the  two  species  is  indeed  too  great  to  keep  them  speci- 
fically separate  and  D.  pearcei  is  here  made  a junior  synonym  of 
P.  concordiarcensis.  Thus  evidence  is  provided  for  a leptictid 
lineage  that  probably  underwent  major  reduction  in  size  by  Torre- 
jonian  times,  a trend  seen  to  occur  in  some  later  leptictid  line- 
ages as  wel 1 . 


Prodiaoodon  furor  new  species 
Fig.  11 

D i agnos is.--  Similar  to  Prodiaoodon  concordiarcensis  but  283; 
larger  with  P-  and  Pjj  of  simpler  construction,  consisting  only 
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FIG.  9-  Prodiacodon  concordiaroeneis  USNM  9637  Type.  A.  Left  P 
occlusal  view.  B.  Left  mandible  with  P^,  P,-,  M^ , lateral  view. 

of  a high  recurved  cusp  and  a minute  basal  posterior  heel.  P^ 
subequal  to  P^  in  height.  Pjj  slightly  lower  than  P-.  Paraconid 
in  P-  blade-1  ike,  directly  anterior  to  protoconid.  :>Talonid  of 
Pj  ahd  molars  short  anteropos ter ior I y as  in  P.  concordiarcensis 
but  not  in  P.  puercensis  or  P.  tauricinerci . P = met aeon  id  of 
much  larger  basal  dimensions  and  situated  more  posteriorly  than 
protoconid.  Metaconid  on  lower  molars  much  higher  and  more 
swollen  than  protoconid.  Four  cusps  are  present  on  molar  talonid 
as  in  P.  puercensis  and  P.  tauricinerei. 

Type  specimen.--  AMNH  35291,  partial  right  mandible  with  Pz,  Pr, 
P5‘ 

Type  local i ty. --  Gidley  Quarry,  Crazy  Mountain  Field,  Sweetgrass 
County,  Montana.  Lebo  Unit  of  Fort  Union  Formation,  Torrejonian 
(middle  Paleocene) . 
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FIG.  10.  Prodiacodon  conaordiarcensis  AMNH  35693,  right  mandible 
with  P^,  A.  occlusal  view.  B.  Lateral  view. 


Referred  specimens.--  AMNH 
M— ~2  • AMNH  35289",  partial 
from  type  locality. 


35290,  partial  right  mandible  with 
left  mandible  with  P-,  Mj—j.  Beth 


Etymology.--  furor  L.  craziness.  Refers  to  general  region  where 
specimens  were  collected.  All  known  specimens  are  from  Gidley 
Quarry  in  Crazy  Mountain  Field,  Montana. 

Remarks . With  the  recognition  of  Prodiacodon  furor,  Gidley 
Quarry  shows  a diversity  of  leptictids.  At  least  two  other 
species,  Myrmecoboides  montanensis  and  P.  conaordiarcensis,  are 
also  represented  at  this  locality.  It  is  quite  possible  that  the 
upper  dentition  from  Gidley  Quarry  referred  by  Simpson  (1937)  to 
M.  montanensis  might  belong  to  P.  furor,  as  the  upper  teeth  are 
of  proper  size  and  shape  for  occlusion  with  the  lowers.  This 
would  explain  the  strong  resemblance  of  this  specimen  to  upper 
molars  of  P.  puercensis. 
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FIG.  11.  Prodiacodon  furor  n.  sp.  AMNH  35291  Type,  right  mandible 
fragment  with  P , P,  , and  alveolus  for  (D)P  . A.  Occlusal  view 
B.  Lateral  view. 


P.  furor  shows  a strong  similarity  to  P.  tauricinerei  .suggest- 
ing a possible  close  relationship  with  this  younger  early  Eocene 
species.  However,  the  enlarged  and  posteriorly  situated  Pj^  meta- 
conid,  in  P.  furor  a character  here  considered  as  derived  on  the 
basis  of  its  uniqueness  within  the  Leptictidae,  precludes  any 
direct  ancestor-descendant  relationship  between  the  two  species. 
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Prodiaaodon  anistulum  new  species 

Figs.  12,  13 

Diagnosis.--  Upper  molars  similar  to  those  in  Prodiaaodon  puer- 
aensis  but  smaller  with  wider  stylar  shelves,  smaller  hypocones, 
shorter  and  smaller  (in  basal  dimensions)  metacones  relative  to 
paracones.  A small  cusp  (stylocone)  is  present  in  some  speci- 
mens on  the  labial  edge  of  the  crown  at  the  junction  with  the 
preparacrista.  Conules  well  developed  and  situated  on  the  pre- 
and  postprotocrista  closer  to  the  apex  of  the  protocone  than  to 
the  paracone  and  metacone  bases.  Paraconule  higher  than  the 
metaconule.  As  in  Prodiaaodon  puercensis,  a small  cuspule  is 
present  adjacent  and  anterolabial  to  the  paraconule.  Precingulum 
"crenulated"  with  series  of  folds.  P~  with  pre-  and  postcingula. 
M-  and  M-  talonids  differ  from  those  in  P.  puercensis  in  having 
only  three  cusps,  lacking  an  entoconulid.  Entoconulid  present  on 


Type  specimen.--  UCMP  114990,  left  M-  . 

Type  loca I i ty . --  V-74122,  Biscuit  Springs  locality,  Garfield 
County,  Montana,  Tullock  Formation,  Puercan  (early  Paleocene). 

Referred  material.--  LACM  32970,  right  M-  from  V-72134,  Garbani 
locality  #9,  Tullock  Formation,  Garfield  County,  Montana.  UCMP 
114993,  left  broken  P-,  UCMP  114991-2,  lower  molars  from  V - 74 1 23 
Yellow  San  Hill  #1,  TOllock  Formation.  UCMP  114971,  114973, 
114975,  114976,  114977,  114980,  114988,  upper  molars.  UCMP 
1 14972,  left  P5_.  UCMP  1 14974,  1 14979,  left  ?pl's.  UCMP  1 14978, 
right  P?  fragment.  UCMP  114981,  114986,  My ' s or  M; 1 s . UCMP 
114985,  left  M-  from  V-74122  - type  locality.  AIT  local itites 
from  Tullock  Formation,  Puercan,  (early  Paleocene). 

Etymology. --  crustulum  L.  biscuit.  Refers  to  the  type  locality, 

B i scu it  Spr i ngs . 

Remarks . Although  only  isolated  teeth  can  be  referred  to  this 
new  Puercan  species,  enough  characters  are  present  to  indicate  its 
possible  affinities  and  provide  some  insight  on  the  relationship 
of  very  early  leptictids.  Most  interesting  is  its  close  resem- 
blance in  some  features  of  the  upper  molars  to  Gypsonictops  hypo- 
conus  (Simpson,  1927).  In  both  species  a small  cusp  (Tstylocone) 
is  present  posterior  to  the  parastyle  and  labial  to  the  paracone, 
the  stylar  shelf  is  moderately  wider  than  those  in  Palaeictops 
or  other  species  of  Prodiaaodon,  and  the  hypocone  is  a very  low 
cusp.  Unlike  G.  hypooonus  and  like  Prodiaaodon  puercensis , the 
precingulum  has  a slight  rise  or  crest,  the  conules  are  more 
lingual  in  position,  and  the  paraconule  is  "doubled",  the  main 
cusp  being  bordered  anterol ingua 1 1 y by  a smaller  cusp.  In  fact, 

P.  crustulum  shows  a strong  overall  dental  similarity  to  P.  puer- 
censis while  representing  a stage  of  dental  development  inter- 
mediate between  that  observed  in  Gypsonictops  hypoconus  and  that 
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FIG.  12.  Prodiacodon  crustulurn  n.  sp.,A.  UCMP  1 1 4990  Type,  M , 
occlusal  view  B.  UCMP  114979,  left  P , occlusal  view.  C.  UCMP 
114972,  left  P">  7 occlusal  view.  D.  Same , . I i ngua 1 view.  E. 
Same,  labial  view.  F.  UCMP  32970,  right  M , occlusal  view. 

G.  Same,  lingual  view.  H.  Same,  labial  view. 
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FIG.  13- 

Prodiaaodon  crustulum 

n . sp 

occ 1 usa 1 

view. 

B. 

Same  labial 

view. 

occl usa 1 

view. 

D. 

Same,  labial 

v i ew 

occ 1 usa 1 

view. 

F. 

Same,  labial 

v i ew 

A.  UCMP  1 1 ^982 , left  P5?, 
C.  UCMP  11^986,  right 
E.  UCMP  11^985,  'eft  M , 
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in  Prodiacodon.  Accordingly,  P.  crustulwn  is  regarded  here  as  the 
most  primitive  known  Tertiary  leptictid. 


Lept i ct i dae? 


A few  named  leptictids  are  not  recognized  in  this  study  because 
the  referred  material  is  too  poor  to  allow  any  definite  assignment. 
Russell  (1929,  p.  173" 175)  named  a species  Diacodon  septentrionalis 
from  the  late  Paleocene  Cochrane  1 locality  of  Alberta.  The  refer- 
red material  consists  of  an  M-  and  an  M-  or  M-.  The  high  relief  of 
the  trigonid  cusps  suggests  a^reference  to  Prodiaaodon  rather  than 
Palaeiatops , but  on  the  basis  of  the  meager  material  it  is  im- 
possible to  determine  whether  these  molars  are  assignable  to  a new 
species,  P.  pueraensis,  P.  taurioinerei , D.  alticuspis,  or  a 
pantolest i d . 


Gazin  (19^9)  described  a new  genus  and  species,  Hypictops  syn- 
taphus,  from  Bridgerian  of  western  Wyoming  based  on  a right  upper 
cheek  tooth  dentition  (USNM  13^5).  The  outline  and  dimension  of 
the  teeth  are  so  strikingly  similar  to  those  of  Leptiatis  dako- 
tensis  as  to  suggest  conspec i f i c i ty , but  the  molars  themselves 
are  so  badly  worn  that  few,  if  any,  important  details  are  pre- 
served. Even  if  well  preserved,  it  is  highly  doubtful  that  this 
specimen  would  serve  as  evidence  for  a distinct  genus. 

Stock  (1935)  referred  a fragmentary  lower  jaw  with  an  M-  (CIT 
16791)  from  a Brea  Canyon  locality  (CIT  locality  150)  Sespe  For- 
mation, "late"  Eocene,  southern  California,  to  the  Leptictidae, 
but  unfortunately  this  specimen  cannot  be  relocated  in  the 
present  CIT  collections  (recently  acquired  by  LACM) . The  identi- 
fication of  this  specimen  as  a leptictid  jaw  is  questioned  be- 
cause the  published  description  and  illustration  of  the  M-  does 
not  eliminate  the  specimen  from  possible  reference  to  palaeo* 
ryctids,  adap i sor ic ids , or  geol ab i d i nes . 


Phytogeny  of  the  Leptictidae 

Previous  taxonomic  arrangements  of  leptictids  have  reflected 
to  a large  extent  the  b iostrat i graph i c occurrence  of  the  various 
species  (Douglass,  1905,  Matthew  and  Granger,  1918,  Scott  and 
Jepsen,  1936).  All  01 igocene  species  were  i nd i scr iminant 1 y 
lumped  under  Leptiatis  (=Iatops ) . Pal  eocene-early  Eocene  forms 
were  assigned  to  Palaeictops  and  early  and  middle  Eocene  forms  to 
Diaaodon.  Van  Valen  (1967)  attempted  a more  phyletic  arrange- 
ment of  species  and  his  results  show  some  strong  departures  from 
previous  classifications.  Van  Valen  specified  that  his  study  was 
only  preliminary  and  accordingly  did  not  present  rigorous  defini- 
tions of  the  leptictid  genera  and  species  he  considered.  Further, 
he  did  not  attempt  to  subdivide  01 igocene  leptictids  into  major 
lineages  but  noted  that  such  a revision  might  be  in  order.  It  is 
evident  that  there  are  at  least  two  major  groups  of  01 igocene 
leptictids  which  can  easily  be  separated  at  the  generic  level 
(Novacek,  1976).  One  of  these  (now  being  studied  by  the  author) 
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shows  phyletic  relationships  with  Prodiacodon.  The  second  group 
is  represented  by  Leptictis  hay  deni,  L.  dakotensis,  L.  douglassi, 
and  perhaps  L.  wilsoni  (Novacek,  1976)  and  is  most  clearly  re- 
lated to  Palaeictops,  particularly  P.  matthewi  and  P.  nrulticuspis 
from  the  dental  and  cranial  similarities  noted  above.  Thus  the 
basic  dichotomy  seen  in  Oligocene  forms  might  be  traced  as  far 
back  as  the  Paleocene. 

Fig.  14  is  a graphic  representation  of  the  hypothesized  phyl- 
ogeny  of  the  Paleocene  and  Eocene  North  American  Leptictidae. 

The  numbers  given  at  each  node  of  the  branches  refer  to  proposed 
shared-derived  ( synapomorph i c)  characters  which  unite  the  groups 
stemming  from  them.  The  following  characters  separate  leptictids 
from  Gypsonictops : 

1.  Four  lower  premolars. 

2.  Marrow  stylar  shelves. 

3-  Hypocones  uniformly  present  on  upper  molars 

4.  P-  with  a well  developed  paraconid. 

5.  Entoconulid  present  on  M-  . 

Recognition  of  the  above  characters  as  derived  is  based  on  in- 
terpretations of  early  therian  dental  evolution.  Five  premolars 
are  variably  present  in  Gypsonictops  and  Kennalestes  and  most 
likely  represent  a pies iomorphous  condition  in  Eutheria  (McKenna, 
1975).  All  Tertiary  leptictids  (where  complete  postcanine  denti- 
tions are  known)  have  only  four  premolars  and,  in  agreement  with 
McKenna  (1975),  it  is  hypothesized  that  they  represent  a derived 
evolutionary  stage  through  loss  of  P*.  Characters  2 and  3 stem 
from  the  generally  accepted  conclusion  that  eutherians  evolved 
from  a primitive  condition  where  the  upper  molars  had  wide  stylar 
shelves  and  lacked  hypocones  (Patterson,  1956;  Slaughter,  1965, 
1971;  Crompton,  1971;  Fox, 1975).  In  Gypsonictops  the  hypocone  is 
vestigial  or  absent,  and  the  stylar  shelves  are  wider  than  in 
Tertiary  leptictids.  P-  paraconids  (character  4)  are  absent  or 
small  in  Gypsonictops,  But  well  developed  in  Tertiary  leptictids. 
The  polarity  of  this  character  is  difficult  to  determine.  Para- 
conids on  the  last  premolar  are  uniformly  lacking  or  weakly 
developed  in  a number  of  early  primitive  eutherians  including 
Kennalestes  (see  Kielan-Jaworowska , 1969)-  However  the  paraconid 
is  large  in  the  Pp's  of  Procerberus  (see  L i 1 1 egraven , 1969).  It 
is  tentatively  argued  here  that  a P-  with  a very  small  (or  absent) 
paraconid  is  primitive  for  eutherians  but  this  feature  may  prove 
to  be  a derived  specialization  of  Gypsonictops.  Entoconulids  on 
the  M-  (5),  a feature  common  to  primitive  species  of  Prodiacodon 
and  Myrmecoboides  montanensis  but  absent  in  Gypsonictips , is  pre- 
sumed to  represent  a derived  character  uniting  Tertiary  lepti- 
ctids. It  must  be  noted  that  certain  other  Cretaceous  eutherians 
have  lower  molar  entoconulids  (e.g.  Cimolestes  magnus,  see  Lille- 
graven  , 1 369) ■ 

Myrmecobotdes  montanensis  can  be  separated  from  all  other  lep- 
tictid  clades  by  three  unique  spec i a 1 i zat i ons  in  the  lower  den- 
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6.  Closely  appressed  metaconids  and  paraconids,  producing  a 
"twinning"  effect  of  these  two  cusps. 

7-  Anteroposter ior I y elongated  talonids. 

8.  Widely  spaced  anterior  premolars. 

Although  the  isolated  phyletic  position  of  Myrmecoboides  with- 
in the  Leptictidae  seems  clear,  it  is  not  certain  whether  the 
divergence  of  this  lineage  occurred  before  or  after  the  Palaei- 
ctops-Prodiacodon  dichotomy. 

Prodiacodon  is  the  most  primitive  leptictid  genus  and  does  not 
show  many  derived  characters  other  than  those  recruited  to  unite 
all  members  of  the  family.  One  possible  derived  character  unique 
to  Prodiacodon  is  the  "doubled"  paraconule  (9)  in  the  upper  molars 
of  P.  Puercensis , P.  crustulum,  and  P.  tauricinerei . Definitely 
referable  upper  molars  are  not  known  in  P.  furor  and  P.  concordi- 
aroensie . 

Palaeictops  is  regarded  here  as  the  most  derived  genus  among 
the  Pal  eocene- Eocene  leptictids  known  from  North  America,  dis- 
tinguished by  the  following  specializations: 

10.  P-'s  and  upper  molars  are  more  "bunodont",  being  more 
an teropos ter i or  1 y elongate  and  transversely  compressed,  with 
lower,  more  bulbous  paracones,  metacones,  and  protocones. 

2-3 

11.  Parastylar  spurs  M are  not  prominent  and  ectoflexi  are 

not  deep. 

12.  Hypocones  are  well  developed,  being  more  than  half  the 
height  of  the  protocones. 

13-  Conules  are  situated  labial ly  at  the  base  of  the  paracone 
and  metacone. 


14.  Molar  trigonids  are  not  greatly  elevated. 

15.  P^  paraconids  are  well  developed. 

if 

16  Paracone  on  P-  is  moderately  to  greatly  enlarged. 

17.  Tibia  and  fibula  are  fused  for  most  of  their  shaft  lengths. 


The  central  hypothesis  argued  in  this  study  is  that  the  sec- 
torial features  in  the  molars  of  Prodiaaodon , namely  high,  pierc- 
ing molar  cusps  on  transverse  molars  with  salient  parastylar 
spurs,  represent  a primitive  leptictid  condition.  This  con- 
clusion stems  from  the  acknowledgment  of  the  distribution  of 
"sectorial"  dental  features  among  pa  1 aeoryct i ds , leptictids,  and 
Cretaceous  Mo  ngol ian  eutherians.  Palaeictops  is  removed  from 
this  condition  in  characters  10,  11,  and  14  above.  The  derived 
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FIG.  1*t.  Postulated  phylogenetic  relationships  of  the  North 
American  Paleocene  and  Eocene  Leptictidae.  Vertical  bars  with 
diagonal  stripes  represent  the  approximate  geochronolog i cal  occur- 
rence of  a particular  taxon.  The  intersections  of  branches  are 
only  meant  to  reflect  the  relative  sequence  of  splitting.  The 
time  of  branching  on  a geochronologic  scale  is  not  intened  to  be 
represented  here.  Numbers  refer  to  shared-derived  characters 
discussed  in  the  text. 


states  represented  by  characters  12  and  15  are  recognized  as  tend- 
encies for  increased  development  of  molar  hypocones  and  P^  para- 
conids  already  present  in  the  most  primitive  leptictids.  "The 
labial  position  of  the  upper  molar  conules  in  Palaeietops  (charac- 
ter 13)  represents  a distinct  departure  from  that  in  Pvodiacodon. 
The  lingual  position  of  upper  molar  conules  in  Prodiaoodon  is 
recognized  as  a primitive  condition  for  the  Eutheria  (Patterson, 
1956;  Slaughter,  1965,  1971;  Turnbull,  1971;  Fox,  1975).  Enlarge- 
ment of  the  P-  paracone  ( 1 6 ) in  Palaeietops  is  variable.  The  P3 
paracone  is  distinctly  enlarged  in  the  Oligocene  Leptiotis. 
Character  17  is  shared  by  Palaeietops  (where  known)  and  the 
Oligocene  Leptiotis but  the  tibia  and  fibula  are  unfused  in 
Prodiaoodon. 
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Palaeictops  rnu.lticu.spis  and  P.  matthewi  are  synapomorph ic  in 
the  enlargement  and  proliferation  of  cusps  on  Pjj  (character  18). 

An  effort  was  made  to  establish  a phylogenetic  scheme  without 
reference  to  the  age  and  occurrence  of  a particular  taxon,  but  as 
is  clearly  demonstrated  by  Fig.  1 4 there  seems  to  be  little  dis- 
crepancy between  the  hypothesized  phylogenetic  relations  of  taxa 
and  the  recorded  age  of  their  occurrence.  Primitive  species  of 
Prodiacodon  are  recorded  as  far  back  as  the  early  Paleocene,  the 
new  Puercan  species  P.  cmstuluw  showing  dental  characters  inter- 
mediate between  the  late  Cretaceous  Gypsonictops  and  middle 
Paleocene  species  of  Prodiaaodon.  Medial  and  later  Eocene  species 
of  Palaeictops  show  the  closest  resemblance  to  the  Oligocene 
Leptictis.  There  are,  of  course,  exceptions  (e.g.  Myrmecoboides , 
FTodiacodon  ccncordiavcensis)  and  these  are  interpreted  as  early 
divergently  specialized  lineages. 

Although  a number  of  major  changes  in  leptictid  taxonomy  at 
the  generic  level  have  been  proposed  in  this  study,  the  overall 
number  of  species  has  not  been  reduced.  I do  not  feel  that  this 
result  is  due  directly  to  a subliminal  desire  on  my  part  to  "over 
split",  but  is  a reflection  of  true  diversity.  Many  of  the 
species  described  above  are  represented  by  only  one  or  two  speci- 
mens but  I doubt  that  larger  referable  samples  and  a better  idea 
of  dental  variation  would  serve  to  unite  these  taxa,  as  the  cited 
differences  between  them  are  generally  very  distinct.  In  the 
cases  where  larger  samples  of  leptictids  are  available  (e.g., 
Leptictis  dakotensis  from  the  Oligocene  of  North  America)  the 
variation  in  important  comparative  dental  characters  is  clearly 
not  great.  Leptictids  evidently  were  quite  diverse,  at  least  at 
the  species  level,  throughout  their  Tertiary  history. 

ACKNOWLEDGMENTS 

I am  deeply  indebted  to  Dr.  William  A.  Clemens  who  provided 
guidance,  helpful  comments  and  support  from  the  inception  of  this 
project,  and  to  Mrs.  Vera  E.  Novacek,  who  typed  and  edited 
drafts  of  the  manuscript.  Figures  3'13  were  skillfully  prepared 
by  Jamie  Pat  Lufkin.  The  following  individuals  and  institutions 
allowed  me  to  study  leptictid  specimens  under  their  care:  Dr. 

William  Turnbull,  Chicago  Field  Museum  of  Natural  History;  Dr. 

Mary  R.  Dawson,  Carnegie  Museum  of  Natural  History;  Ms.  Gay 
Vostreys  and  Dr.  Dave  Gillette,  Philadelphia  Academy  of  Sciences; 
Dr.  Malcolm  C.  McKenna,  American  Museum  of  Natural  History;  Dr. 
Farish  Jenkins,  Museum  of  Comparative  Zoology  at  Harvard  Uni- 
versity; Dr.  Donald  Baird,  Princeton  Geological  Museum;  Dr. 

Robert  J.  Emry,  United  States  National  Museum  of  Smithsonian 
Institution;  Drs.  Robert  W.  Wilson  and  Morton  Green,  Museum  of 
Geology,  South  Dakota  School  of  Mines  and  Technology;  Dr.  J.  T. 
Gregory,  University  of  California,  Museum  of  Paleontology;  and 
Messrs.  Bruce  Lander,  Ken  Rose,  and  Craig  Wood.  Craig  Wood  and 
Earl  Manning  provided  stimulating  conversation  on  leptictid 
relationships.  I thank  Drs.  P.  M.  Butler,  W.  A.  Clemens,  M.  C. 
McKenna,  and  D.  E.  Savage  for  their  critical  readings  of  earlier 


1977 


PALEOCENE-EOCENE  LEPTICTIDAE 


39 


versions  of  this  paper,  and  Jens  Munthe,  Douglas  Lawson,  Annalisa 
Berta,  and  Beagle  Browne  for  their  editorial  efforts.  Fi- 
nancial support  for  this  project  was  provided  by  NSF  Grant  (BMS- 
75*21017)  awarded  to  Dr.  W.  A.  Clemens  and  an  Annie  Alexander 
Scholarship  in  the  University  of  California  Museum  of  Paleon- 
tology awarded  to  the  author. 

REFERENCES 

Butler,  P.  M.  1956.  The  skull  of  Ictops  and  the  classification 
of  the  Insect ivora.  Proc.  Zool . Soc.  London.  126: 452-48 1 . 

. 1972.  The  problem  of  insectivore  classification.  _J_r^ 

Joysey  and  Kemp  (eds.).  Studies  in  Vertebrate  Evolution. 
Winchester  Press,  New  York.  281*  pp. 

Clemens,  W.  A.  1973-  Fossil  mammals  of  the  type  Lance  Formation 
Wyoming.  Part  III.  Eutheria  and  summary.  Univ.  Calif. 

Publ.  Geol . Sci.  94: 1—102. 

. 1974.  Puvgatorius , an  early  paromomyid  primate  (Mammalia) 

Science.  1 84 : 903-905  - 

Cope,  E.  D.  1875-  Systematic  catalogue  of  Vertebrata  of  the 

Eocene  of  New  Mexico,  collected  in  1874.  Report  to  Engineer 
Dept.  U.S.  Army  in  charge  of  Lieut.  Geo.  M.  Wheeler. 

. 1880.  Geology  and  Paleontology.  Am.  Nat.  1 4 : 745~ 748 . 

. l88l.  On  the  Vertebrata  of  the  Wind  River  Eocene  beds  of 

Wyoming.  Bull.  U.S.  Geol.  Geog.  Surv.  Terr.  v.  6 : 1 83~ 202 . 

. I885.  The  Vertebrata  of  the  Tertiary  formations  of  the 

West.  Book  I.  Rept . U.S.  Geol.  Surv.  Terr.  (Hayden  Survey). 
3:i-xxxv,  1-1009- 

Crompton,  A.  W.  1971.  The  origin  of  the  tribosphenic  molar.  I n : 
Early  Mammals.  D.  M.  Kermack  and  K.  A.  Kermack  (eds.).  Zool 
J.  Linn.  Soc.  50,  Suppl.  1:65-87. 

Delson,  E.  1971.  Fossil  mammals  of  the  early  Wasatchian  Powder 
River  Local  Fauna,  Eocene  of  northeast  Wyoming.  Bull.  Amer. 
Mus.  Natur.  Hist.  146,  4:307-364. 

Douglass,  E.  I.  1905-  The  Tertiary  of  Montana.  Mem.  Carnegie 
Mus.  1 I : 145-199  (pi . i i , 34  figs.) . 

Filhol,  H.  1892.  Note  sur  le  Quercitherium  tenebrosum.  Bull. 

Soc.  Philom.  Paris,  ser.  7,  4:135-137- 
Fox,  R.  C.  1975.  Molar  structure  and  function  in  the  Early 

Cretaceous  mammal  Pappothevium : Evolutionary  implications 

for  Mesozoic  Theria.  Canad.  Journ.  Earth  Sci.  12:412-442. 
Gazin,  C.  L.  1949.  A leptictid  insectivore  from  the  middle 

Eocene  Bridger  Formation  of  Wyoming.  Jour.  Wash.  Acad.  Sci. 
39:220-223. 

. 1952.  The  lower  Eocene  Knight  Formation  of  western 

Wyoming  and  its  mammalian  faunas.  Smithson.  Misc.  Coll. 

117,  18:1-82. 

. 1956.  Paleocene  mammalian  faunas  of  the  Bison  Basin  of 

south-centra!  Wyominq.  Smithson.  Misc.  Coll.  131>  6:1-57- 
Gidley,  J.  W.  1915.  An  extinct  marsupial  from  the  Fort  Union, 
with  notes  on  the  Myrmecobidae  and  other  families  of  this 
group.  Proc.  U.  S.  Nat.  Mus.  58 : 359"402 . 


PALEOB I OS 


NO.  21* 


1*0 


Gill,  T.  1872.  Arrangement  of  the  f am i 1 i es  of  mamma  Is  and  sy nop- 

t i ca I tables  of  characters  of  subdivisions  of  mammals.  Smithson 
Misc.  Col  1 . 230:1-98. 

Granger,  W.  1910.  Tertiary  faunal  horizons  in  the  Wind  River 

Basin,  Wyoming,  with  the  descriptions  of  new  Eocene  mammals. 
Bull.  Amer.  Mus.  Nat.  Hist.  28:235-251 

Guth,  C.  1962.  Un  insectivore  de  Menat.  Ann.  Paleont.  1*8:1-10. 

Jepsen,  G.  L.  1930a.  Stratigraphy  and  paleontology  of  the 

Paleocene  of  Northeastern  Park  County,  Wyoming.  Proc.  Amer. 
Phil.  Soc.  69:1(53-528. 

. 1930b.  New  vertebrate  fossils  from  the  lower  Eocene  of 

the  Bighorn  Basin,  Wyoming.  Proc.  Amer.  Phil.  Soc.  61*:  117" 

131. 

Kie 1 an-Jaworowska , Z.  1969.  Preliminary  data  on  the  Upper  Cre- 
taceous eutherian  mammals  from  Bayn  Dzak,  Gobi  Desert. 

Results  of  the  Pol i sh-Mongol i an  Palaeontological  Expeditions, 
Part  I.  Palaeontological  Polonica.  33:111-11*6. 

. 1975-  Preliminary  description  of  two  new  eutherian 

genera  from  the  Late  Cretaceous  of  Mongolia.  Results  of  the 
Pol i sh-Mongol ian  Palaeontological  Expeditions,  Part  VI. 

Pa  1 aeontol og i ca  Polonica.  33-'5~13- 

Leidy,  J.  1868.  Notice  of  some  remains  of  extinct  insectivora 
from  Dakota.  Proc.  Acad.  Nat.  Sc i . Phila.  1 868 : 31 5"3 1 6 . 

Lillegraven,  J.  A.  1969.  Latest  Cretaceous  mammals  of  the  upper 
part  of  the  Edmonton  Formation  of  Alberta,  Canada,  and  a 
review  of  the  marsup i a 1 -p 1 acenta 1 dichotomy  in  mammalian 
evolution.  Univ.  Kansas  Paleont.  Contrib.  Art.  50  (Verte- 
brata  12)  : 1-122. 

Love,  J.  D.  1939.  Geology  along  the  southern  margin  of  the 

Absaroka  Range,  Wyoming.  Geol . Soc.  America.  Special  Paper, 
no.  20:1-131*. 

McDowell,  S.  B.  Jr.  1958.  The  greater  Antillean  i nsect i vores . 

Bull.  Amer.  Mus.  Nat.  Hist.  115,  3:117-211*. 

McGrew,  P.  0.  1959-  Geology  and  paleontology  of  the  Elk 

Mountains  and  Tabernacle  Butte  area,  Wyoming.  Bull.  Amer. 

Mus.  Nat.  Hist.  117:121-176. 

McKenna,  M.  C.  1968.  Lepvacodon , and  American  Paleocene  nycti- 
there  (Mammalia,  Insectivora).  Amer.  Mus.  Novit.  2317:1" 

12. 

. 1972.  Vertebrate  Paleontology  of  the  Togwotee  Pass  area, 

northwestern  Wyoming.  In  Field  Conference  on  Tertiary  Bio- 
stratigraphy of  southern  and  western  Wyoming.  Aug.  5*10, 

1972.  R.  M.  West,  Coordinator.  pp.  80-101. 

. 1975-  Toward  a phylogenetic  c I ass i f i cat i on  of  the 

Mammalia.  J_n  Phytogeny  of  the  Primates:  a Multidisciplinary 

Approach.  W.  P.  Luckett  and  F.  S.  Szalay,  (eds.).  Pro- 
ceedings of  the  Wenner  Gren  Symposium  No.  61  in  Burg 
Wartenstein,  Austria,  July  6- 1 4 , 1971*,  pp.  21-1*6.  Plenum 
Press,  New  York  and  London.  1*83  PP- 

McKenna,  M.  C.  and  G.  G.  Simpson.  1959-  A new  insectivore  from 
the  middle  Eocene  of  Tabernacle  Butte,  Wyoming.  Amer.  Mus. 
Novitates,  no.  1952:1-12. 


1977 


PALEOCENE-EOCENE  LEPTICTIDAE 


4l 

Matthew,  W.  D.  1899-  A provisional  classification  of  the  fresh- 
water Tertiary  of  the  West.  Bull.  Amer.  Mus.  Nat.  Hist. 
12:19-75. 

. 1929-  Preoccupied  names.  Jour.  Mammal.  10:171- 

Matthew,  W.  D.  and  W.  Granger.  1918.  A revision  of  the  lower 
Eocene  Wasatch  and  Wind  River  Faunas.  Part  5~ I nsect i vora 
(continued),  Glires,  Edentata.  Bull.  Amer.  Mus.  Nat.  Hist. 

38:565-657- 

Novacek,  M.  J.  1976.  Early  Tertiary  vertebrate  faunas,  Vieja 

group,  Trans-Pecos  Texas:  Insectivora.  The  Pierce  Se! lards 

Series,  Texas  Memorial  Mus.  2 3 : 1 “ 1 7 - 
Patterson,  B.  1956.  Early  Cretaceous  mammals  and  the  evolution 
of  mammalian  molar  teeth.  Fieldiana,  Geol . 13: 1-105- 

Rich,  T.  H.  V.  1971-  De 1 ta ther i d i a , Carnivora  and  Condylarthra 
(Mammalia)  of  the  early  Eocene,  Paris  Basin,  France.  Univ. 
Calif.  Pub  1 . Geol . Sci  . 88:1-72. 

Robinson,  P.  1966.  Fossil  mammalia  of  the  Huerfano  Formation, 
Eocene  of  Colorado.  Peabody  Mus.  Nat.  Hist.  Bull.  21:1-95- 
Romer,  A.  S.  1966.  Vertebrate  Paleontology.  Third  Edition. 

University  of  Chicago  Press.  Chicago,  London.  468  pp. 
Russell,  0.  E.  1 964 . Les  mammiferes  Paleocenes  d'  Europe.  Mem. 
Mus.  Nat.  d'Hist.  Nat.  Sec.  C.  13: 1 - 324 . 

. 1929-  Paleocene  vertebrates  from  Alberta.  Amer.  Journ. 

Sci.  5,  17:162-178. 

Scott,  W.  B.  and  G.  L.  Jepsen.  1936.  The  mammalian  fauna  of  the 
White  River  Oligocene.  Part  1.  Insectivora  and  Carnivora. 
Trans.  Amer.  Phil.  Soc.  new  ser.  vol . 28,  1-153- 
Sige,  B.  1974.  Pseudorhyneocyon  aayluxi  Filhol,  1892.  Insecti- 
vore  Geant  des  Phosphorites  du  Quercy.  Pa  1 aeovertebrata , 
6:33-46. 

Simpson,  G.  G.  1927-  Mammalian  faunas  of  the  Hell  Creek  Forma- 
tion of  Montana.  Amer.  Mus.  Novitates.  267: 1 _ 7 - 

. 1935-  New  Paleocene  mammals  from  the  Fort  Union  of 

Montana.  Proc.  U.S.  Nation.  Mus.  83:221-244. 

. 1937-  The  Fort  Union  Crazy  Mountain  Field  and  its  mam- 
malian fauna.  Bull.  U.S.  Nat.  Mus.  169:1-287- 
. 1945.  The  principles  of  classification  and  a classifi- 
cation of  mammals.  Bull.  Amer.  Mus.  Nat.  Hist.  85 : 1 - 350 . 

. 1959-  Two  new  records  from  the  Bridger  middle  Eocene  of 

Tabernacle  Butte,  Wyoming.  Amer.  Mus.  Novit.,  no.  1966, 

5pp. , 2 figs.  1 table. 

Slaughter,  B.  1965.  A therian  from  the  Lower  Cretaceous  (Albian) 
of  Texas.  Postilla.  93:1*18. 

- 1971.  Mid-Cretaceous  (Albian)  therians  of  the  Butler 

Farm  local  fauna,  Texas.  In  Early  Mammals.  D.  M.  Kermack 
and  K.  A.  Kermack  (eds.).  Zool . J.  Linn.  Soc.  50,  Suppl. 
1:131-143- 

Stock,  C.  H.  1935-  Insectivora  from  the  Sespe  uppermost  Eocene, 
California.  Nat.  Acad.  Sci.  Proc.  20 : 349“ 354 . 

Szalay,  F.  S.  1968.  The  beginnings  of  primates.  Evolution. 
22:19- 

Tobien,  H.  1962.  Insectivoran  (Mamm.)  aus  dem  Mitteleozan 

(Lutetium)  von  Messel  bei  Darmstadt.  Natizbl.  Hessischen 
Landesamtes  Bodenforsch.  Wiesbaden.  90:7*47- 


PALEOB I OS 


NO.  24 


42 

Turnbull,  W.  1971-  The  Trinity  therians:  Their  bearing  on 
evolution  in  marsupials  and  other  therians.  In  Dental 
morphology  and  evolution.  A.  A.  Dahlberg  (edTT-  Univ. 
Chicago,  Chicago,  pp.  1 5 1 - 1 79 - 

Van  Valen,  L.  1967-  New  Paleocene  insectivores  and  insectivore 
classification.  Bull.  Amer.  Mus.  Nat.  Hist.  135(5) :217~284. 


Manuscript  received  December, 
Manuscript  Reviewed  By:  M.  C 


1976;  accepted  14  January,  1 977 * 
McKenna  and  W.  A.  Clemens. 


Paleo  Bios 


Museum  of  Paleontology 
Universitv  of  California,  Berkeley 


Number  25 JUNE  13,  1977 


A NEW  GENUS  OF  MURID  RODENT  FROM  THE  MIOCENE 
OF  PAKISTAN  AND  COMMENTS  ON  THE 
ORIGIN  OF  THE  MUR  I DAE 

by 

LOUIS  L.  JACOBS1 
ABSTRACT 

Anzemus  ahinjiensis , new  genus  and  species,  from  middle  Mio- 
cene Siwalik  deposits  of  Pakistan  is  the  oldest  and  most  primi- 
tive member  of  the  Muridae  yet  described.  It  confirms  that  murids 
evolved  from  the  Cricetidae  and  allows  determination  of  homology 
of  upper  molar  cusps.  The  present  centers  of  diversity  of  the 
Muridae  are  the  result  of  emigration  from  a south  Asian  center  of 
origin  no  earlier  than  Miocene  time. 

INTRODUCTION 

Rodents  of  the  family  Muridae,  commonly  referred  to  as  Old 
World  rats  and  mice,  are  among  the  most  diverse  and  successful  of 
all  living  groups  of  mammals.  Although  their  distribution  is  es- 
sentially world-wide,  they  presently  have  three  distinct  centers 
of  diversity:  southern  Asia,  Africa  south  of  the  Sahara,  and  the 

Malay  Archipelago,  plus  Australia  and  New  Guinea.  Students  of  ev- 
olution, biogeography,  and  systematics  have  been  unable  to  evalu- 
ate the  significance  of  these  centers  of  diversity  satisfactorily 
because  of  lack  of  paleontological  evidence  as  to  the  time  and 
place  of  origin  of  the  family.  Thaler  (1966)  suggested  that  the 
group  evolved  in  the  Eocene  of  tropical  Asia,  and  James  and  Slau- 
ghter (197M  interpreted  the  known  fossil  record  of  murids  in  the 
c i rcum-Med i terranean  region  as  indicating  a Miocene  origin  of  the 
group  in  southern  Europe.  These  hypotheses  are  untenable  on  pa- 
leontological grounds  because  the  oldest  previously  described  mu- 
rid, Progonomys , from  the  late  Miocene  (Vallesian)  of  Europe  (Mi- 
chaux,  1970  exhibits  typical  murid  morphology  and,  therefore, 
sheds  little  light  on  the  origin  of  the  group. 
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Recently  a small  sample  of  murid  teeth  was  recovered  from  the 
type  Chinji  Formation  of  the  Siwalik  Group,  Pakistan.  The  type 
Chinji  is  considered  middle  Miocene,  possibly  Astaracian  (Fahl- 
busch,  1976)  equivalent,  because  the  three-toed  horse,  Hipparion, 
a North  American  immigrant  first  occurring  in  Europe  in  the  late 
Miocene  (Val les  ian) , occurs  only  above  the  Chinji  Formation  in  the 
Siwalik  Group  (Simons,  P i I beam , Boyer,  1971).  Recent  study  of 
other  large  mammal  taxa  from  the  type  Chinji  Formation  by  D Pil- 
beam  and  associates  also  indicates  a pre-Va 1 1 es i an  age  (D.  Pilbeam, 
personal  communication).  If  correlations  based  on  Hipparion  and 
other  large  mammals  are  correct,  the  Chinji  specimens  represent  the 
oldest  known  member  of  the  family  Muridae.  In  addition,  the  morph- 
ology of  the  Chinji  murid,  as  described  below,  indicates  that  mur- 
ids evolved  from  the  Cricetidae,  hamsters  and  their  relatives,  and 
allows  conclusive  interpretation  of  homology  of  murid  upper  molar 
cusps  with  those  of  the  Cricetidae  and  most  other  mammals.  Thus, 
the  geographic  and  chronologic  occurrence  of  the  Chinji  murid,  a- 
long  with  its  primitive  dental  morphology,  suggests  that  murids 
originated  in  the  Miocene  of  southern  Asia. 

The  most  recent  discussions  of  the  origin  of  murids  (Petter, 
1966;  Vandebroek,  1 966 ; Lavocat,  1967)  utilize  arrangements,  or 
seriations,  of  dental  morphotypes  (see  Simpson,  1975)  of  known 
fossil  and  Recent  taxa.  The  taxa  used  in  these  seriations  often 
have  little  genetic  affinity,  and  temporal  (stratigraphic)  succes- 
sions, necessary  to  demonstrate  ancestor-descendant  relationships, 
have  not  been  realized.  The  difficulty  in  determining  the  origin 
of  murids  stems  from  the  unique  structure  of  their  upper  molars 
(Fig.  1A,  B,  and  2),  even  though  the  structure  of  the  lower  molars 
of  murids  suggests  a relationship  to  cricetids.  The  upper  molars 
consist  of  transverse  rows  (hereafter  referred  to  as  chevrons  and 
numbered  from  anterior  to  posterior;  e.  g the  anterior  chevron 
on  M1  is  the  first  chevron)  comprising  three  tubercles  in  the  first 
and  second  chevrons  of  m' . The  third  chevron  of  m'  in  known  early 
forms  (and  many  later  forms)  has  only  two  tubercles. 

Attempts  at  interpreting  homology  of  cusps  with  other  groups  of 
rodents  have  been  inadequate.  In  order  to  discuss  the  upper  teeth. 
Miller  (1912)  devised  a scheme  in  which  each  tubercle  from  lingual 
to  labial  side  is  designated  by  number  (e.  g. , the  cusps  on  the 
first  chevron  are  tj,  t2,  1 3 v on  the  second  chevron,  they  are  t4, 
ts , tfc) . This  scheme  has  been  modified  by  various  authors  (Michaux 
1971;  Misonne,  1969).  I accept  Michaux's  modification  of  Miller's 
scheme  and  refer  to  the  transverse  rows  as  "chevrons"  for  conven- 
ience in  describing  murid  upper  molars.  There  is  no  problem  in 
determining  homologies  for  cusps  on  lower  molars  of  murids  because 
they  exhibit  rather  straightforward  modifications  of  the  character- 
istic cricetid  plan. 

Murid  genera,  both  fossil  and  living,  can  almost  always  be  i- 
dentified  on  the  basis  of  molar  structure  (Misonne,  1969;  Lavocat, 
1962),  and  phylogenetic  interpretations  have  been  based  upon  molar 
morphology  (Michaux,  1970 • Therefore,  a discussion  of  the  origin 
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of  murids  based  on  the  Chinji  specimens  is  justified,  even  though 
the  present  sample  size  is  small. 

SYSTEMATICS 

Order  Rodentia 

Fami 1 y Mur i dae 

Subfami 1 y Mur i nae 

Anterrus  ehin,jiensi.s , new  genus  and  species 
(Figure  1 ) 

Holotype:  Geological  Survey  of  Pakistan  76^9,  M1  . 

Age : Middle  Miocene. 

Distribution:  Presently  known  from  Yale:GSP  locality  Al,  type 

Chinji  Formation,  Punjab,  Pakistan. 

Hypodigm:  GSP  76^9,  7650  M1 , 765I  M2 , 7652  M2 . 

Diagnos i s : Murid  rodent  with  t ^ on  m'  and  M2  isolated;  no  t;  on 

M2;  t6  and  t9  well  separated;  t,,  not  joined  to  t9  ; valley  between 
tj  and  t4  shallow,  similar  in  depth  to  the  valley  between  t4  and 
t9;  labial  cingulum  on  M2  weak. 

Etymology : Generic  name  from  ante-,  a prefix  meaning  before  in 

time,  and  mus  (Latin,  masculine);  specific  name  for  Chinji,  plus 
-ensis  (Latin),  a suffix  denoting  place. 

Descr i pt ion : Antemus  is  known  from  four  isolated  cheek  teeth 

(2M^ , 1 M2 , 1M2),  all  from  the  same  locality.  The  cheek  teeth  are 
brachydont  with  rounded  and  distinct  cusps.  The  cusps  slant  sli- 
ghtly posteriorly  on  M*’2,  anteriorly  on  M2-  The  two  m'  are  in 
slightly  different  stages  of  wear,  but  exhibit  the  same  occlusal 
pattern,  and  obviously  belong  to  the  same  taxon.  The  M2  has  an 
occlusal  pattern  identical  in  basic  respects  to  that  of  m' , except 
that  the  anterior  portion  of  M1  (t£  in  this  case)  has  no  homolog 
on  m2.  This  is  the  usual  condition  in  muroid  rodents.  The  M2  is 
referred  to  Antemus  because  it  has  a murine  pattern  and  is  slight- 
ly narrower  than  M2 . The  width  of  M2  (GSP  7651)  relative  to  width 
of  M2  (GSP  7652)  is  similar  to  the  ratio  of  the  width  of  second 
molars  in  individual  species  of  Pvogonomys  (see  measurements  in 
Michaux,  1971,  and  Van  de  Weerd,  1976).  Muroid  rodents  associated 
with  Antemus  at  this  locality  are  the  cricetids  Megacricetodon  sp. 
and  Copemys  ( Democriaetodon ) sp.  The  dentitions  of  these  taxa  are 
well  known  and  quite  distinct  from  Antemus. 

m'  (Fig.  1A,  less  worn;  and  2,  more  worn)  exhibits  the  basic 
murine  pattern  of  three  transverse  chevrons.  The  first  chevron  is 
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Figure  1.  Antemus  chinjiensis.  A.  Right  m'  (GSP  76A9,  holotype, 
length  = 1.90  mm,  width  = 1.20).  B.  Right  (GSP  7651,  length  = 
1.20,  width  = 1.10).  C.  Right  M2  (GSP  7652,  length  = 1.25, 
width  = 1.05). 

formed  by  three  connected  cusps  (tj,  t2,  -3  from  lingua!  to  labial 
side).  The  second  chevron  includes  three  cusps  ( tL, , 1 5 , tg)  . The 
third  chevron  has  only  two  cusps  (tg,  tg)  . There  is  no  trace  of 
ty . A narrow  posterior  cingulum  extends  labial ly  from  tg.  The  t; 
is  posterior  to  t2  and  t3;  t3  is  well  developed,  but  small  in  re- 
lation to  t2.  A thin,  distinct  ridge  joins  the  anterior  margin  of 
t3  to  the  posterol ingual  margin  of  t2.  The  t2  is  the  largest  cusp 
in  the  first  chevron  and  is  about  equal  in  size  to  tg  and  t§;  it 
is  joined  to  the  t3  by  a posterior  crest.  The  t3  is  about  the 
size  of  t-j.  The  tg  is  fairly  large,  rounded,  and  isolated.  It  is 
slightly  posterior  to  tg  at  the  lingual  edge  of  the  valley  separa- 
ting the  second  from  the  third  chevron,  but  is  more  closely  assoc- 
iated with  the  second  chevron  than  the  third.  The  t4  is  separated 
from  t3  and  tg  by  shallow  valleys.  The  tg  is  the  largest  cusp  in 
the  second  chevron;  it  is  joined  to  the  t6  only  by  a posterior 
crest  (rather  than  by  anterior  and  posterior  crests  as  in  some 
cricetids).  The  tg  is  smaller  than  t4.  Cusps  tg  and  tg 
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Anterocone 


I mm 


Porocone  («/g) 
Prototophule  I 

Metocone  t=/g) 
Metolophiie  II 


Posterior  Cingulum 


Anteroloph 

'l 

Protocone  £/5) 
Enterostyle 

Hypocone  (=/q) 


Figure  2.  Ant&rrus  zhir.jiensis  right  m'  (GSP  7650,  length  = 1.75 
mm,  width  = 1.15).  Cusp  terminology  after  Wood  and  Wilson  (1936), 
and  Mi chaux  (1971) • 

connect  posteriorly,  and  tg  is  larger  than  tg.  The  posterior  cin- 
gulum is  ridge-like,  becoming  broader  with  wear,  and  extends  from 
the  pos tero I ab i a 1 margin  of  tg  to  a point  behind  and  slightly  la- 
bial to  the  midline  of  tg.  A minute  stylar  cusp  is  located  at  the 
base  of  juncture  between  t2  and  tg  at  the  anterior  edge  of  the 
tooth.  There  are  no  other  accessory  cusps,  styles,  or  lophs. 

Three  roots  are  present  on  m'. 

M2  (Fig.  IB)  has  four  basic  cusps  (tg,  tg,  tg,  tg)  forming  two 
rather  poorly  defined  chevrons.  The  tg  and  tg  are  weakly  connec- 
ted slightly  posterior  to  their  transverse  midline  and  form  the 
anterior  chevron.  Cusps  tg  and  tg  are  similarly  weakly  connected 
and  form  the  posterior  chevron.  The  posterior  cingulum  extends 
labial  1 y from  tg.  There  is  no  t g ; instead,  there  is  a prominent 
cingulum  which  extends  posteriorly  from  the  anterol i ngual  corner 
to  the  middle  of  the  lingual  margin  of  the  tooth.  There  it  joins 
a well  developed  tg  which  is  situated  at  the  lingual  side  of  the 
transverse  valley  between  the  chevrons.  The  tg  is  isolated  from 
either  chevron.  The  tg  is  small  and  is  located  at  the  anterolab- 
ial  corner  of  the  tooth.  There  is  no  trace  of  t?,  t7,  or  other 
accessory  cusps,  styles  or  lophs.  The  roots  are  not  preserved  on 
this  spec i men . 


6 


PALEOB I OS 


NO.  25 


A single,  slightly  corroded,  M£  (Fig.  1C)  of  Antemus  is  known. 
It  comprises  four  main  cusps  (protoconid,  metaconid,  hypoconid, 
and  entoconid).  The  labial  cusps  are  placed  slightly  posterior 
relative  to  the  lingual  cusps.  Protoconid  and  metaconid  are  weak- 
ly connected  anteriorly,  as  are  the  hypoconid  and  entoconid.  The 
posterior  cingulum  is  transversely  compressed  and  extends  along 
the  posterior  margin  of  the  tooth  between  the  hypoconid  and  ento- 
conid. The  labial  anteroconid  is  low,  but  well  developed,  on  the 
anterior  cingulum.  The  labial  cingulum  is  weak  and  indistinct. 

Compa r i sons : The  presence  of  three  cusps  in  the  first  and  second 

chevrons  of  M^  with  tg  involved  in  the  first  chevron  and  t4  as- 
sociated with  the  second  chevron  indicate  the  murid  affinity  of 
Antemus.  Antemus  differs  from  all  known  Tertiary  murids  in  hav- 
ing no  t^  on  m2.  Antemus  resembles  Progonomys  (see  Michaux,  1971, 
and  V an  de  Weerd,  1976)  in  being  brachydont  with  distinct  but 
weakly  connected  cusps.  These  are  apparently  primitive  characters 
which  are  modified  in  more  derived  forms.  Antemus  is  further  dis- 
tinct from  Progonomys  in  having  a much  weaker  labial  cingulum  on 
M2 . The  M>  of  Antemus  is  distinct  from  that  of  Occitanomys  (Mi- 
chaux, 1969)  in  being  less  stephanodont , that  is,  the  chevrons  in 
Antemus  are  well  separated  and  are  not  connected  at  t6~t9  or  t4* 
t8  nor  is  a spur  directed  from  either  the  tj  or  tg  toward  tg. 

Antemus  resembles  some  specimens  of ^Prcgonormys  hispanicus  and 
Occitanomys  in  having  isolated  t4  on  M , but  the  isolation  of  1 4 
in  P.  hispanicus  and  Occitanomys  is  a variable  character  (Van  de 
Weerd,  1976)  and  not  diagnostic  for  either  P.  hispanicus  or  Occi- 
tanomys. Data  given  by  Van  de  Weerd  (1976)  indicate  that  the  oc- 
casional isolation  of  t4  on  m'  in  these  taxa  is  convergent  with 
the  condition  seen  in  Antemus.  Even  in  these  cases  of  similarity, 
the  lower-crowned  nature  of  the  m'  of  Antemus  marks  it  as  more 
primitive;  the  shallowness  of  the  valley  between  tg  and  t4,  rela- 
tive to  that  between  t4  and  tg  and  in  comparison  with  similar  var- 
iations of  Progonomys  and  Occitanomys,  easily  reveals  this  differ- 
ence . 


ORIGIN  OF  THE  MUR  I DAE 

The  Muridae  have  long  been  considered  closely  related  to  the 
Cricetidae  (Miller  and  Gidley,  1918;  Simpson,  19^5;  Wood,  1955) 
because  of  skull  structure,  dental  formula,  and  lower  molar  mor- 
phology. The  murids  are  distinct  from  cricetids  in  having  three 
longitudinal  rows  of  cusps  in  the  upper  molars  with  ti  involved  in 
the  first  chevron  and  t4  involved  in  the  second  chevron.  Because 
no  fossil  intermediates  between  the  two  families  have  been  descri- 
bed, no  satisfactory  explanation  has  been  given  as  to  which  row  of 
cusps  was  added  in  the  murid  dentition.  Consequently,  the  homo- 
logy of  cusps  in  upper  molars  of  cricetids  and  murids  has  not  been 
demonstrated  and  several  patterns  of  homology  have  been  suggested 
or  implied  (see,  for  instance.  Thaler,  1966;  Vandebroek,  1966; 
Schram  and  Turnbull,  1970). 
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Vandebroek  (1966)  considered  that  the  central  row  of  cusps 
(t2,  tg,  t q ) was  added  in  the  murid  dentition.  His  theory  traces 
the  ancestry  of  murids  back  through  a sigmodont  stage  to  a Therido- 
mys  stage.  Lavocat  (19&7)  strongly  criticized  Vandebroek's  theory. 
There  is  at  present  no  evidence  which  supports  any  close  relation- 
ship between  murids  and  sigmodonts  or  ther i domy i ds , or,  for  that 
matter,  between  sigmodonts  and  ther i domy i ds . 

Other  authors  ( e.g Thaler,  1966;  Miller  and  Gidley,  1918; 
Schaub,  1938;  Petter,  1 966 ) considered  that  the  lingual  row  of 
cusps  ( 1 1 and  t4)was  added.  Petter  ( 1 966 ) suggested  that  a seri- 
ation,  or  arrangement  of  forms,  including  Cricetodcn , Petronyscus , 
Dendromus,  Cricetomys,  and  Parapodemus  illustrates  progressive  de- 
velopment of  a lingual  row  of  cusps  and  loss  of  longitudinal  con- 
nections between  cusps.  This  seriation  was  presumed  to  demonstrate 
stages  through  which  murids  evolved.  Petter's  theory  was  modified 
by  Lavocat  (1967)  to  include  Myoorioetodon. 

The  most  serious  objections  to  Petter's  theory  concern  the  lin- 
gual cusps  and  how  they  are  associated  with  chevrons.  Cricetomys 
usually  has  two  lingual  cusps;  however,  the  anterior  lingual  cusp 
is  associated  with  the  second  chevron,  while  the  posterior  lingual 
cusp  is  associated  with  the  third  chevron.  In  murids,  the  tj  is 
associated  with  the  first  chevron  and  1 1,  with  the  second  chevron. 
Sen  (1975)  suggested  that  the  murid  Euxinonrys  galacticus  from  the 
Pliocene  of  Turkey  is  similar  to  Petter's  Cricetomys  stage  because 
the  tj  is  connected  to  the  tg  and  not  t2.  However,  Euxinomys  is 
strongly  stephanodont , that  is,  cusps  are  connected  at  tj-tg, 

1 5 , 1 4 - 1 q , and  tg-tg.  It  seems  most  likely  that  the  connection 
between  tj  and  t2  is  lost  secondarily  as  in  some  specimens  of  Oc- 
citanamys  (Van  de  Weerd,  1976). 

In  all  previously  described  Tertiary  murids,  and  most  modern 
murids,  the  anterolabial  border  of  tg  is  connected  to  the  postero- 
lingual  border  of  tg.  Myoorioetodon  and  Dendromus  have  only  one 
lingual  cusp,  and  it  is  associated  with  the  second  chevron.  How- 
ever, the  lingual  cusp  in  Myoorioetodon  is  connected  to  the  post- 
erolabial  border  of  the  protocone,  a condition  never  observed  in 
the  Muridae.  In  Dendromus , the  posterior  border  of  the  lingual 
cusp  joins  the  posterior  border  of  the  protocone.  Petromyscus  al- 
so has  one  lingual  cusp,  but  Petter  (1967)  considers  it  the  proto- 
cone and  distinguishes  the  Petromysc inae  because  a new  cusp  is  ad- 
ded between  the  protocone  and  paracone.  The  protocone  shares  a 
posterior  connection  with  the  new  cusp  in  petromysc i nes . Myoori- 
oetodon, Deridromus , and  Petromyscus  are  thus  excluded  from  the  an- 
cestry of  the  Muridae. 

All  known  Tertiary  murids  have  a ti  on  , except  for  Antemus 
which  has  an  anterior  cingulum.  Cricetids  have  no  t^  on  , but 
they  also  have  an  anterior  cingulum.  Antemus  is  similar  to  crice- 
tids with  respect  to  this  character.  Therefore,  the  lack  of  tj 
on  M^  in  Antemus  is  a primitive  character  which  is  modified  in 
later  murids.  The  development  of  tj  from  an  anterol i ngual  cingu- 
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ium  on  M^  implies  that  the  t)  on  m'  and  t4  on  jn  nyridj  were 

also  derived  from  cingula. 

It  is  somewhat  anomalous  that  the  t4  in  Antenrus  is  isolated, 
whereas  the  tg  on  m'  is  connected  to  t2 . However,  the  connection 
of  tg  and  t2  in  the  m'  of  Antemus  is  consistent  with  the  hypothesis 
that  the  tg  developed  on  the  anterior  cingulum.  In  the  m'  of  cri- 
cetids,  the  anterior  cingulum  extends  from  the  anterocone.  If  an 
additional  cusp  developed  on  the  anterior  cingulum,  as  proposed 
here,  it  would  be  connected  to  the  anterocone.  The  t4  is  apparent- 
ly the  only  cusp  which  developed  on  a lingual  cingulum.  Its  iso- 
lation is  considered  a primitive  character.  Later  murids  share  the 
character  of  t4  connected  to  t5,  except  in  those  forms  (e.  g . , some 
specimens  of  Oaoitanomys  and  Progonomys  hispanicus)  where  the  con- 
nection is  secondarily  lost  (Van  de  Weerd,  1976). 

Thaler  (1966)  observed  that  the  posterior  cingulum  in  murids, 
which  he  called  tg2>  originates  from  tg.  In  other  rodents,  inclu- 
ding cricetids,  the  posterior  cingulum  originates  from  the  hypo- 
cone.  This  is  strong  evidence  that  the  murid  t8  is  homologous  with 
the  hypocone.  Antemus  chinjiensis  is  significant,  because  of  its 
transitional  form,  in  confirming  the  homology  of  cusps  in  murid 
dentitions  with  those  of  cricetids  and  most  other  mammals. 

The  first  chevron  of  the  murid  comprises  the  cricetid  antero- 
loph  and  bilobed  anterocone.  The  tg  is  a neomorph  developed  on 
the  anteroloph  with  no  counterpart  in  the  cricetid  molar.  The  t2 
is  the  lingual  lobe  of  the  anterocone,  and  t3  is  the  labial  lobe. 

In  the  second  chevron,  t4  is  the  enterostyle  of  Wood  and  Wilson 
( 1 936)  1 5 is  the  protocone,  and  t6  is  the  paracone.  Protocone  and 
paracone  are  connected  by  protolophule  II.  The  third  chevron  of 
the  murid  molar  comprises  ty,  tg,  and  tg.  The  ty  is  absent  in 
known  early  forms  and  variously  present  or  absent  in  later  forms; 
when  present,  it  is  a neomorph  with  no  cricetid  homolog.  The  tg 
is  the  hypocone;  tg  is  the  metacone.  Hypocone  and  metacone  are 
connected  by  metalophule  II.  On  the  murid  , the  tj  and  tg  are 
developed  from  the  anterior  cingulum.  As  there  is  no  ^nterocone 
in  the  cricetid  M^,  there  is  no  chevron  on  the  murid  M which  cor- 
responds to  the  first  chevron  on  m' . Other  structures  on  m'  are 
as  labeled  in  Figure  2. 

Murids  probably  evolved  from  a cricetid  ancestor  which  posses- 
sed an  Ml  with  a strongly  bilobed  anterocone  and  a posterol i ngua 1 
extension  of  the  anterior  cingulum.  Further  dental  modifications 
involved  in  the  evolution  of  murids  from  cricetid  ancestors  are: 

(i)  reduction  or  loss  of  accessory  lophs;  (ii)  development  of  a 
posterior  connection  only  between  protocone  and  paracone  and  be- 
tween hypocone  and  metacone;  (iii)  development  of  tg  from  the  an- 
terior cingulum;  (iv)  development  of  enterostyle  from  a lingual 
cingular  shelf. 

Emry  and  Dawson  (1972)  suggested  that  the  early  Oligocene  cri- 
cetid Nonomys  might  be  related  to  the  Muridae  because  it  has  cus- 
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pate  tower  molars  with  welt  developed  labial  cingula.  The  M2  of 
Antemus  does  not  have  a well  developed  labial  cingulum,  and,  there- 
fore, suggests  that  the  ancestor  of  murids  did  not  have  well  de- 
veloped labial  cingula.  While  no  upper  molars  of  NonorrryS  are  known, 
it  appears  unlikely  that  A 'ononis  is  directly  related  to  murids. 

There  is  no  presently  known  cricetid  which  can  be  considered  di- 
rectly ancestral  to  the  Muridae.  However,  the  ancestral  form  will 
probably  be  found  in  the  Cricetinae  or  Cr i ce todon t i nae  {sens u Mein 
and  Freudenthal,  1971).  Both  subfamilies  contain  genera  with  bi- 
lobed  anterocones  and  relatively  simple  upper  molars.  In  general, 
the  Cricetinae  appear  too  specialized.  I suspect  that  the  cricetid 
ancestor  of  murids  is  a south  Asian  Miocene  cr i cetodont i ne , perhaps 
somewhat  similar  to  Me^acricetodcn. 

DISTRIBUTION 

If  the  correlation  of  the  type  Chi n j i Formation  with  the  Euro- 
pean sequence  suggested  in  the  introduction  is  correct,  Antemus  is 
older  than  any  other  murid  yet  discovered.  Numerous  localities  in 
Europe,  Africa,  and  North  America  of  the  same  age  or  older  than 
type  Chinji  have  yielded  abundant  rodent  fossils,  but  no  murids. 

The  occurrence  of  Antemus  in  Miocene  beds  of  the  Indian  subconti- 
nent implies  that  murids  originated  in  southern  Asia,  probably  in 
the  early  or  middle  Miocene.  Adaptive  radiation  then  occurred  in 
Asia,  giving  rise  to  the  present  day  south  Asian  center  of  murid 
diversity,  including  the  genera  Rattus  and  t4us . 

Early  in  their  history,  but  certainly  by  late  Miocene,  murids 
spread  to  the  c i rcum-Med i terranean  region  and  evolved  into  several 
genera,  including  Apoderrus . Some  elements  of  the  c i rcum-Med i ter- 
ranean murid  fauna  migrated  south,  no  earlier  than  late  Miocene  or 
early  Pliocene,  and  there  radiated  into  the  diverse  murid  fauna 
living  today  in  subsaharan  Africa. 

The  history  of  the  murid  fauna  of  the  Malay  Archipelago,  Aus- 
tralia, and  New  Guinea  is  much  more  complex,  and  probably  involved 
multiple  invasions  by  island  hopping,  resulting  in  numerous  endem- 
ic genera.  Regardless  of  number  of  invasions,  the  initial  intro- 
duction of  murids  into  this  region  occurred,  as  suggested  by  Simp- 
son (1961),  no  earlier  than  Miocene. 

Murids  have  entered  North  America  only  where  influenced  by  man. 
Modern  distribution  of  murids,  and  their  fossil  distribution,  sug- 
gest a strong  preference  for  warm  climate.  Murids  were  probably 
prevented  from  crossing  the  Beringian  connection  between  Asia  and 
North  America  by  cooler  temperature. 

Thus,  one  of  the  most  successful  families  of  mammals  is  also 
one  of  the  latest  to  evolve.  The  Muridae  have  had  a complex,  al- 
beit relatively  short,  history  of  immigration  followed  by  radia- 
tion resulting  in  the  present  distribution  and  diversity  of  the 
fami 1 y . 
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A NEW  SPECIES  OF  GREGORYMYS  (RODENTIA,  GEOMYIDAE) 

FROM  THE  MIOCENE  OF  COLORADO 
by 

JENS  MUNTHE1 
ABSTRACT 

Gregorymys  larsoni  n.  sp.  is  a very  late  survivor  of  the  Greg- 
orymys lineage.  It  is  known  only  from  the  Derby  Peak  fauna  of 
late  Barstovian  or  early  Clarendonian  age.  Radiometric  dates  ob- 
tained from  volcanic  rocks  above  and  below  the  sediments  from  which 
the  Derby  Peak  fauna  was  collected  range  from  approximately  13  to 
10  million  years  before  present.  G.  larsoni  is  temporally  dis- 
junct from  all  previously  described  species  of  the  genus  and  may 
represent  a population  surviving  only  within  a persistent  refugium. 

INTRODUCTION 

A small  collection  of  mammals  was  obtained  from  Derby  Peak  in 
Garfield  County,  Colorado  by  a University  of  Colorado  party  in 
1967-  The  geology  of  the  area  was  studied  in  subsequent  years  and 
radiometric  ages  were  determined  for  rocks  above  and  below  the  fos- 
sil iferous  sediments.  Because  the  stage  of  evolution  of  one  of  the 
rodent  taxa  represented  in  the  collection  appears  anomalous  with 
respect  to  the  remainder  of  the  fauna  and  the  radiometric  dates, 
this  rodent  was  studied  in  detail  to  determine  its  affinities.  It 
is  described  here  as  a new  species  and  the  geologic  and  faunal  ev- 
idence bearing  on  the  age  of  the  deposit  is  discussed. 

Measurements  of  the  holotype  were  made  with  an  EP0I  Measuring 
Microscope  and  are  shown  in  Table  I.  Acronyms  used  are  AMNH  (= 
American  Museum  of  Natural  History),  CM  (=  Carnegie  Museum),  FMNH 
(=  Field  Museum  of  Natural  History),  UCM  {=  University  of  Colorado 
Museum),  and  UCMP  (=  University  of  California  Museum  of  Paleontology). 


^Department  of  Paleontology,  University  of  California,  Berkeley, 
California  9^720 . 
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PROTOCONID 

METACONID 

ENTOCONID 

METALOPHID 

HYPOLOPHID 


ANTEROSTYLIDS 

PROTOSTYLID 

HYPOSTYLID 

HYPOCONID 
CINGULAR  CUSP 


Figure  1.  Cheek  tooth  cusp  terminology  for  Gregovgmgs  larsoni. 

The  major  metalophid  and  hypolophid  cusps  occupy  the  same  relative 
positions  on  the  molars  as  on  P4. 

The  cheek  tooth  cusp  terminology  employed  here  (Fig.  1)  is  that  of 
Rensberger  (1971:110).  The  terminology  for  P4,  however,  is  used 
only  in  a topographic  sense.  Cusp  homologies  are  not  implied.  If 
Gretjjrijmys  is  ultimately  descended  from  lleliseomjs , which  had  only 
three  cusps  on  P4,  then  one  of  Grcgorymys ' principal  cusps  is  a 
neomorph  not  homologous  with  the  four  principal  cusps  of  general- 
ized rodent  teeth.  Several  attempts  have  been  made  to  homologize 
geomyoid  P4  cusps  assuming  that  H-liscomys  had  lost  one  principal 
cusp  (<?.  g.,  Shotwell,  1967;  Lindsay,  1972),  but  none  of  these  is 
entirely  satisfactory.  I have  therefore  used  names  topographically 
for  simplicity  and  clarity. 


SYSTEMATICS 

Superfamily  Geomyoidea  Weber,  190A 
Family  Geomyidae  Gill,  1872 
Subfamily  Entoptych i nae  Miller  and  Gidley,  1 9 1 8 

Gregoi"in,rjs  Wood,  1936 
Gregavyrr.gs  larsoni  new  species 


(Figure  2) 
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Figure  2.  Gvegorymys  iarscmz 

view.  B.  Lingua!  view.  C. 
of  incisor.  Scale  bars  equal 


n.  sp. , UCM  297^5 - 
Occlusal  view.  D. 
I mm. 


A.  Lateral 
Cross-sect  ion 
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Holotype:  UCM  297^5,  right  mandibular  ramus  with 

Hypod i gm : Type  only. 

Etymology : Patronym  for  Dr.  Edwin  E.  Larson,  v/ho  discovered  the 

type  locality  and  has  been  instrumental  in  deciphering  the  Ceno- 
zoic  history  of  the  area. 

Loca 1 i ty : UCMP  locality  V76111,  Derby  Peak,  Garfield  County,  Co- 

lorado. Detailed  locality  information  may  be  obtained  from  the 
Museum  of  Paleontology,  University  of  California,  or  the  University 
of  Colorado  Museum. 

Age:  Late  Barstovian  or  early  C 1 a rendon i an . 

0 i agnos i s : Very  small  species  of  Grenorymys  (Table  1);  mandible 

shallow  (Table  1);  diastema  short  (Table  1);  protoconids  and  hypo- 
conids  weakly  developed. 

Descr i pt ion : The  mandible  is  shallow  for  the  genus.  Its  depth  is 

70%  of  P if  - M ^ length  as  opposed  to  83%  in  AMNH  12895,  referred  by 
Wood  (1936)  to  G.  eurtus , and  107%  in  CM  8999,  the  type  specimen 
of  G.  kayi  (Wood,  1950).  The  diastema  is  shallow  and  much  shorter 
than  in  any  previously  described  specimen  of  Gregorymys . Its 
length  is  less  than  half  the  P^-M^  length,  whereas  the  diastema  is 
approximately  two-thirds  as  long  as  the  cheek  tooth  row  in  FMNH 
12221,  the  type  specimen  of  G.  riggsi  (Wood,  1936)  and  CM  8939 - 
The  masseteric  crest  is  low  but  sharply  defined.  It  extends  in  a 
smooth  arc  from  below  the  posterior  portion  of  the  diastema,  im- 
mediately posterior  to  the  small  mental  foramen,  to  a point  below 
the  hypolophid  of  M£ . A weak,  rounded  crest  begins  at  the  poster- 
ior end  of  the  masseteric  crest  and  follows  the  ventral  margin  of 
the  incisor  alveolus  into  the  ascending  ramus.  This  is  distinctly 
different  from  the  condition  In  AMNH  12895,  where  the  masseteric 
crest  is  snarply  angled  and  there  is  no  crest  posterior  to  it  a- 
long  the  incisor  alveolus.  The  angle  is  missing,  but  it  extended 
anteriorly  as  far  as  M3.  The  symphysis  is  rugose.  A shallow  geni- 
oglossal fossa  lies  immediately  posterior  to  its  dorsoventral  mid- 
point. A narrow  ventrol i ngua I crest,  presumably  the  area  of  in- 
sertion of  M.  digastricus,  extends  from  the  symphysis  to  a small 
ventral  process  below  . A rugose  swelling  near  the  ventral  mar- 
gin of  the  mandible  below  the  hypolophid  of  Pi,  may  have  been  the 
area  of  origin  of  M.  transversus  mandibulae.  A similar  swelling 
occurs  in  some  specimens  of  G.  morbus.  The  prominent  chin  process 
seen  in  some  specimens  of  G.  mirtus  is  lacking. 

Pi,  has  three  anterostyl  ids , of  which  the  most  lingual  is  the 
largest,  arranged  in  an  arc  antero 1 i nguad  of  the  metalophid.  The 
lingual  anterostyl id  differs  from  that  in  other  described  specimens 
of  Gregorymys  in  its  greater  size  and  more  labial  position.  In 
this  respect  it  most  closely  approaches  the  type  specimen  of  G. 
riggsi.  The  metalophid  has  only  a very  weak  protoconid  that  has 
not  yet  united  with  the  protostylid.  The  hypolophid  has  equally 
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developed  entoconid  and  hypostylid  but  a weak  hypoconid.  The  pos- 
terior margin  of  the  hypolophid  is  straight,  in  contrast  to  the 
more  arcuate  hypolophids  of  other  specimens,  particularly  AMNH 
12909,  referred  to  G.  formosus  by  Wood  (1936)  and  to  G.  curtus  by 
Macdonald  (1970).  With  increased  wear  a small  enamel  lake  would 
develop  between  the  anteros ty 1 i ds  and  the  metalophid  as  in  AMNH 
12909.  At  a still  later  wear  stage,  a lake  would  form  between  the 
metalophid  and  hypolophid  as  they  would  unite  first  labially  and 
then  lingual ly.  This  is  a result  of  the  weak  development  of  the 
central  cusp  in  each  of  these  lophids. 

Mj  and  also  show  weak  development  of  the  protoconid  and  hy- 
poconid in  contrast  to  other  species  of  the  genus.  The  cingular 
cusp  of  the  metalophid  is  slightly  lingual  to  the  protostylid, 
causing  the  labial  margin  of  the  metalophid  to  lie  oblique  to  the 
anteroposterior  axis  of  the  tooth  row  on  both  M|  and  M2.  This  is 
typical  of  M2  in  other  species  of  Gregorymys , but  in  most  previ- 
ously described  specimens  the  anterolabial  cusp  and  protostylid 
are  equally  labial  on  M] . With  increased  wear  the  metalophids  and 
hypolophids  would  unite  medially  and  labially  at  almost  exactly 
the  same  time.  A very  short-lived  enamel  lake  would  thus  be  form- 
ed on  the  labial  half  of  the  tooth.  The  lophids  would  then  unite 
progressively  more  lingual ly.  The  lophid  unions  in  FMNH  12221 
{G.  riggsi)  would  be  similar,  although  in  that  specimen  the  first 
connection  is  definitely  at  the  labial  margin  and  the  medial  con- 
nection is  slightly  linguad  of  that  in  G.  larsoni.  In  all  other 
species,  the  valley  between  the  lophids  is  very  deep  in  the  center 
of  the  tooth  so  that  a persistent  central  enamel  lake  is  formed. 

Cement  is  present  around  the  roots  and  slightly  above  on  Pr  and 
it  extends  well  up  on  the  crowns  of  M j _ 2 , particularly  labially. 
This  development  of  cement  exceeds  that  seen  in  specimens  of  G. 
curtus,  is  very  similar  to  C.  riggsi,  and  is  less  than  in  G.  doug- 
lacsi  (Wood,  1936)  and  G.  kayi  (Wood,  1950). 

The  lower  incisor  is  broad,  flat  anteriorly,  and  triangular 
in  cross-section.  The  enamel  is  thin  and  is  almost  entirely  con- 
fined to  the  anterior  surface.  The  triradiate  puip  cavity  is  i - 
dentical  to  that  in  AMNH  12895  (G.  curtus).  The  root  is  not  pre- 
served, but  the  incisor  extended  pos terodorsa 1 1 y at  least  above 
the  occlusal  surfaces  of  the  cheek  teeth.  The  incisor  is  larger 
relative  to  the  cheek  teeth  than  in  any  other  species  of  Gregory - 
rrrys  (Table  1). 

Discuss'on:  Certain  aspects  of  geomyoid  superspec i f i c taxonomy 

are  fundamental  to  an  understanding  of  G.  larsoni's  relationships 
to  other  members  of  this  superfamily.  Shotwel I (1967:10)  included 
the  subfamilies  traditionally  grouped  as  Geomyidae  within  Hetero- 
myidae.  Rensberger  ( 1 97  * : 1 5 1 ) advanced  additional  reasons  for 
this  a r rangemert  and  acknowledged  the  probable  artificiality  of 
the  geomy i d-heteromy i d dichotomy,  but  retained  the  dichotomy  in 
order  to  emphasize  "the  fossorial  attributes  of  the  En toptych i nae 
and  Geomyinae"  (1971:66).  However,  a recent  study  of  the  skeleton 
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Table  1.  Measurements  (in  millimeters)  of  Gregorymys  larsoni 

and  selected  comparative  measurements  of  other  species. 


M „ UCM  29745 

Measurement  , , 

G.  larsom 

AMNH  12895 

G.  nurtus 

FMNH  12221 

G.  riggsi 

CM  8999 

G.  kayi 

P^-Mj  alveolar  distance 

6 . 60 

8.10 

7.45 

7.80 

Pi,  anteroposterior 

1.52 

— 

— 

— 

(occ 1 usa 1 ) 

transverse  metalophid 

1.47 

— 

— 

— 

transverse  hypolophid 

1 .60 

— 

— 

— 

Mi  anteroposterior 

1.33 

— 

— 

— 

(occ 1 usa 1 ) 

transverse  metalophid 

1 .64 

— 

— 

— 

transverse  hypolophid 

1.62 

2.31 

2.39 

2.30 

M2  anteroposterior 

1 .41 

— 

— 

— 

(occ 1 usa 1 ) 

transverse  metalophid 

1 .60 

— 

— 

— 

transverse  hypolophid 

1 .66 

— 

— 

— 

M^  anteroposterior 

1.24 

— 

— 

— 

(a  1 veol us) 

transverse  (alveolus) 

1 .29 

— 

— 

— 

1 anteroposterior 

1.42 

— 

— 

— 

transverse 

1.53 

1.75 

1 .96 

1 -99 

anteroposterior/ 

0.928 

— 

— 

— 

transverse 

enamel  thickness 

0.03 

— 

— 

— 

Length  of  diastema 

3-17 

7.30 

5.05 

5.10 

Depth  of  mandible 

4.62 

6.70 

6.50 

8.00 

below  P/j 

of  Sahizodontomys  (Munthe,  1975).  an  entoptychine  sensu  Wood 
(1936),  indicates  that  this  animal  was  not  fossorial,  but  semi- 
sa 1 tator ia 1 . 

Gregorymys  is  a pivotal  genus  with  regard  to  familial  taxonomy 
of  these  rodents.  Galbreath  (1967:278-280)  has  summarized  many 
of  the  similarities  of  Gregorymys  to  geomyines  on  one  hand  and 
heteromyines  on  the  other.  He  concluded  that  placing  Gregorymys 
in  either  Geomyidae  or  Heteromyidae  might  obscure  its  true  rela- 
tionships. This  seems  certainly  to  be  the  case  even  with  the 
limited  suite  of  morphologic  characters  available  for  comparison 
in  this  study.  While  its  overall  size,  length  of  diastema,  and 
size  and  shape  of  incisor  argue  for  G.  larsoni  being  a geomyid, 
its  P/,  morphology,  depth  of  mandible,  and. certain  characters  of 
the  molars  appear  to  place  it  in  the  Heteromyidae. 

Despite  the  fact  that  all  the  above  arguments  support  the  in- 
clusion of  heteromyids  and  geomyids  within  a single  family,  such 
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an  arrangement  is  never  likely  to  win  general  acceptance.  Both 
family  names  are  very  solidly  entrenched  in  the  scientific  liter- 
ature. The  most  compelling  argument  against  fusing  the  two  fami- 
lies is  the  ease  with  which  their  modern  representatives  may  be 
morphological ly  differentiated,  although,  as  noted  by  Wood  (1937), 
this  morphologic  disparity  is  largely  a reflection  of  different 
habits.  Neozoologists  would  be  understandably  skeptical  of  plac- 
ing Thonomys  and  Dipodomys  in  the  same  family  based  solely  on  evi- 
dence provided  by  extinct  taxa  whose  exact  relationships  to  modern 
subfamilies  are  uncertain.  With  some  misgivings,  I have  attempted 
to  place  C.  larsoni  within  the  traditional  geomyoid  taxonomic 
framework . 

The  subfamily  assignment  of  Gregorynrys  to  the  Entoptychinae  is 
based  on  its  close  similarity  to  Entoptychus . However,  the  very 
prominent  anterior  cingulum  on  Cregorymys'  Pi*  clearly  separates  it 
from  Entoptychus  and  has  led  some  authors  (Wood,  1936:A;  Shotwell, 

1 967 : 48—  9 ) to  place  it  closer  to  the  heteromyines  than  the  ento- 
ptychines  in  dental  anatomy.  Reeder  (1956:^11)  considered  Gregory- 
rrys  to  be  a heteromyid  and  closely  related  to  Heteromys  on  the  ba- 
sis of  similarities  in  their  DPl*s.  The  same  evidence,  however,  was 
used  by  Hibbard  (195^:357)  to  suggest  that  Gvegorymys  might  be  an- 
cestral to  the  geomyines.  Rensberger  (1971),  who  considered  more 
morphologic  characters  than  any  previous  worker,  retained  Gregory - 
mys  within  the  Entoptychinae  and  that  conclusion  is  followed  here. 

No  genus  other  than  Gregorymys  is  closely  comparable  to  the 
Derby  Peak  specimen.  The  distinctive  cusp  arrangement  of  P^,  the 
relative  sizes  of  the  cheek  teeth,  the  development  of  cement  on 
the  cheek  teeth,  and  the  broad,  triangular  incisor  are  found  in 
combination  only  in  Cregorymys . Certain  heteromyines,  notably 
some  specimens  of  Peridiomys  and  Diprionomys,  approach  G.  larsoni 's 
peculiar  method  of  uniting  the  lophids  of  Pi*  more  closely  than  pre- 
viously described  species  of  Gregoryrys , but  characters  of  their 
mandibles  and  especially  their  incisors  clearly  set  them  apart 
from  G.  larsoni.  Similarly,  the  molar  lophid  connections  of  some 
heteromyines  and  some  geomyines  proceed  as  in  G.  larsoni,  but  char- 
acters either  of  the  mandible  and  incisor  or  of  Pi*  exclude  these 
taxa  from  close  relationship. 

In  most  respects,  G.  larsoni  is  more  similar  to  the  type  of  G. 
riejsi  than  to  the  other  previously  described  specimens  of  the 
genus.  None  of  these  specimens  approach  G.  larsoni  in  overall  size, 
length  of  diastema,  or  depth  of  mandible,  but  G.  riggsi  is  similar 
in  P^  morphology,  sequence  of  lophid  unification  in  M ^ _ 2 , height  of 
crown,  and  development  of  cement. 

I consider  all  G.  larsoni' s diagnostic  characters  to  be  derived 
(au tapomorph i es ) . This  certainly  seems  to  be  true  with  respect  to 
commonality  of  characters,  since  all  other  described  specimens  of 
Gregorymys  are  alike  in  being  much  larger  than  G.  larsoni  and  hav- 
ing deeper  mandibles,  longer  diastemas,  and  more  prominent  proto- 
con  ids  and  hypoconids.  G.  larsoni' s small  dimensions  would  appear 
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to  place  it  in  a primitive  (p 1 es i omorph i c)  position  with  respect 
to  the  other  species  of  the  genus  when  size  trends  in  other  groups 
of  mammals  are  considered.  The  trend  toward  larger  size  through 
phylogeny  is  observed  frequently  enough  to  be  considered  an  evolu- 
tionary "law",  and  G.  larsoni  appears  to  violate  this  law.  How- 
ever, some  geomyoid  rodents  are  notoriously  variable  in  size. 

This  is  true  of  modern  gophers  and  the  sample  of  Cregorymys  fov- 
mosus  studied  by  Macdonald  (1970)  is  adequate  to  establish  that  it 
is  also  true  of  Gregovymys . The  lengths  of  four  P^s  from  the  same 
locality  are  recorded  by  Macdonald  (1970:37)  as  1.14,  1.52,  1.95, 
and  2.46  mm.  Given  this  magnitude  of  potential  variability  and 
the  unusual  biogeographic  circumstances  under  which  G.  larsoni 
may  have  evolved,  its  size  seems  less  of  an  evolutionary  anomaly, 
although  it  is  presently  impossible  to  determine  whether  the  Derby 
Peak  specimen  is  a small  individual  or  a typical  member  of  a dwarf 
taxon.  It  should  be  noted  that  the  three  dimensional  diagnostic 
characters  are  probably  at  least  partially  correlated  and  are  pos- 
sibly united  in  a single  size-dependent  f unct iona I -morpho I og i c 
complex.  They  may  therefore  be  considered  aspects  of  a single 
feature,  but  each  nevertheless  serves  to  distinguish  G.  larsoni. 

I do  not  propose  to  construct  a formal  phylogeny  of  Cregorymys 
or  attempt  to  place  G.  larsoni  within  such  a phylogeny  at  this 
time.  The  lack  of  detailed  population  studies,  the  poor  strati- 
graphic control  for  many  of  the  published  specimens,  and  the  abun- 
dance of  unpublished  material  prevent  an  understanding  of  the  in- 
terspecific relationships  within  the  genus.  In  fact,  the  genus 
needs  a revision.  It  has  not  been  extensively  studied  since  it 
was  described  in  1936  and  several  species  evidently  referable  to 
the  genus  remain  to  be  described  (r.  g.,  Robinson,  1968:195).  The 
only  population  of  Cregorymys  which  has  ever  been  studied  consists 
of  15  specimens  assigned  to  G.  formosus  by  Macdonald  (1970).  This 
sample  shows  very  great  dimensional  variation  in  tooth  measurements 
and  no  statistical  treatment  was  attempted,  presumably  because  the 
sample  was  so  small  and  variable,  so  that  it  does  not  provide  an 
understanding  of  potential  ranges  in  size  or  morphologic  charac- 
ters within  Cregorymys'  populations.  Large  samples  of  Cregorymys 
are  evidently  available  for  study  (e.  g.,  Macdonald,  1972:30),  but 
such  studies  have  not  been  undertaken. 

Storer  (1975:105)  suggests  that  Cregorymys  may  be  ancestral  to 
Lignimus , a dominantly  Clarendonian  genus.  Transitional  forms 
which  might  support  this  relationship  have  not  been  reported,  but 
it  is  at  least  clear  that  G.  larsoni  has  nothing  to  do  with  a 
Cregorymys- Lignimus  morphocline.  G.  larsoni  may  be  characterized 
as  a persistent  survivor  of  the  Arikareean  Cregorymys  morphotype. 

AGE  AND  CORRELATION 

The  Derby  Peak  fauna  containing  Cregorymys  larsoni  has  not  been 
studied  in  detail.  It  consists  of  Equidae,  Rh i nocerot i dae  , Cameli- 
dae,  Ant i locapridae,  and  Mylagaulus  laevis  (Larson,  1968;  P.  Robin- 
son, personal  communication).  These  taxa  are  not  particularly 
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useful  for  correlation  purposes,  but  the  presence  of  ant i locapr i ds 
and  Mylagaulus  precludes  an  age  earlier  than  Hemingford i an . Morris 
Skinner  of  the  American  Museum  of  Natural  History  has  examined  a 
horse  mandible  from  Derby  Peak  (UCM  297^7)  and  considers  it  most 
similar  to  specimens  from  the  Lower  Snake  Creek  fauna  of  Nebraska. 
Based  upon  the  stage  of  evolution  of  this  horse,  he  believes  the 
Derby  Peak  fauna  to  be  approximately  13-5  m.y.  old  (personal  corn- 
mun i cat  ion) . 

K-Ar  ayes  have  been  determined  for  many  of  the  volcanic  rocks 
interbedded  with  vertebrate-bearing  sediments  in  the  area  surround- 
ing Derby  Peak  (Larson,  1968;  Larson  et  al.,  1975).  An  age  of  10.3 
± .5  m.y.  was  obtained  from  the  flow  immediately  above  the  unit  con- 
taining the  Derby  Peak  fauna.  No  rocks  below  the  vertebrate  local- 
ity on  Derby  Peak  itself  have  been  dated,  but  flows  immediately  un- 
derlying and  interbedded  with  similar  sediments  containing  poorly 
preserved  vertebrate  remains  on  "W"  Mountain  and  Trapper's  Peak 
nearby  have  produced  dates.  Their  ages  range  from  12.lt  ± .5  m.y. 
to  1 3 - A ± .5  m.y.  These  ages  indicate  that  the  Derby  Peak  fauna 
lived  between  13  and  10  million  years  ago. 

This  faunal  and  radiometric  age  evidence  strongly  suggests  that 
the  Derby  Peak  fauna  is  equivalent  to  late  Barstovian  or  early  Cla- 
rendonian  faunas  in  age  (Evernden  et  al. , 1 96*4 ; Lindsay,  1972). 
Gregorymys  has  previously  been  reported  only  from  late  Arikareean 
and  early  Hemi ngford i an  deposits.  A single  "entoptychine"  tooth 
has  been  reported  from  sediments  as  young  as  Clarendonian  or  Hemp- 
hill ian  in  Wyoming  (Love,  1961:35),  but  the  data  are  insufficient 
to  evaluate  this  occurrence.  The  species  with  the  closest  apparent 
relationship  to  G.  larsoni,  G.  riggsi,  is  known  only  from  "Arikaree 
Beds"  of  Wyoming.  Therefore,  G.  larsoni  is  anomalous  in  stage  of 
evolution  and  the  possibility  that  the  specimen  was  redeposited 
frcyn  older  sediments  must  be  considered.  There  are  older  fossil i- 
ferous  sediments  in  the  area  of  Derby  Peak.  These  are  the  Group  1 
rocks  of  Larson  et  al.  (1975).  which  range  in  age  from  2b  to  20  m. 
y.  This  age  would  be'  consistent  with  the  stage  of  evolution  of  G. 
larsoni  and  a number  of  unstudied  specimens  of  Gregorymys  have  been 
collected  from  deposits  of  this  age  east  of  Derby  Peak  (Robinson, 
1968).  However,  there  is  no  evidence  that  the  specimen  of  G.  lar- 
soni was  redeposited.  It  shows  the  same  type  of  preservation  and 
does  not  seem  to  be  more  abraded  than  the  other  specimens  from 
Derby  Peak,  which  all  were  apparently  transported  prior  to  depo- 
sition. 

BIOGEOGRAPHY 

The  Gregorymys  lineage,  based  upon  its  previously  recorded  oc- 
currences, appeared  to  have  become  extinct  by  middle  Hemi ngford ian 
time,  approximately  18  million  years  ago.  Its  presence  in  the  Der- 
by Peak  fauna  is  unexpected.  Persistence  of  a primitive  morpholo- 
gical type  such  as  G.  larsoni  could  occur  through  isolating  mechan- 
isms which  protect  it  from  competition.  Topographic  isolation  in 
a high-altitude  mountain  basin  may  be  suggested  as  such  a mechanism 
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in  this  case,  but  the  geologic  evidence  for  isolation  of  this  kind 
is  not  strong.  The  existence  of  isolated  early  Miocene  deposition- 
al  basins  in  northwestern  Colorado  is  well  documented,  but  the  per- 
iod of  volcanism  during  which  the  Derby  Peak  sediments  were  deposi- 
ted seems  to  have  been  characterized  by  widespread  steppes  which 
connected  previously  isolated  basins  and  were  inhabited  by  a uni- 
form biota  (Izett,  1975;  Larson  et  al.,  1975;  earlier  work  cited 
therein).  The  widespread  tectonism  which  resulted  in  the  present 
intermontane  basins  of  northwestern  Colorado  did  not  begin  until 
nine  or  ten  million  years  ago.  However,  the  White  River  Plateau, 
of  which  Derby  Peak  is  presently  an  outlier,  has  been  a positive 
structural  and  topographic  feature  since  its  origin  in  the  late 
Cretaceous.  Kucera's  (1968)  studies  show  that  it  was  shedding  sed- 
iments into  the  basins  to  the  north  during  deposition  of  the  Derby 
Peak  sediments.  Furthermore,  his  observations  on  the  depositional 
characteristics  of  the  basalt  flows  in  the  Derby  Peak  area  indicate 
that  many  of  the  flows  are  very  localized,.  It  is  therefore  possi- 
ble that  Gvegorymjs  lavsoni  could  have  inhabited  one  or  several 
very  small  intermontane  basins  where  it  was  effectively  isolated 
from  competitors. 

It  is  interesting  to  note  that  Robinson  (1968)  has  observed  spe- 
ciation  of  early  Miocene  entoptych i nes  in  the  area  east  of  Derby 
Peak  which  was  apparently  at  least  partially  controlled  by  the  same 
isolated  intermontane  basin  type  of  topography  suggested  above.  If 
a population  of  the  type  mentioned  by  Robinson  became  isolated  in  a 
high  valley  on  the  slopes  of  the  White  River  Plateau,  and  if  that 
valley  provided  a refugium  while  the  lower  basins  to  the  east  grad- 
ually fused,  bringing  their  previously  isolated  entoptych i nes  and 
other  later-evolved  rodents  into  competition  with  one  another,  the 
population  remaining  in  the  high  valley  might  well  develop  into  the 
sort  of  taxonomic  compromise  represented  by  G.  larsoni. 
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FIRST  RECORD  OF  TELEOCERAS  (RH I N0CER0T I DAE) 

FROM  THE  RINGOLD  FORMATION,  PLIOCENE  OF  WASHINGTON 

by 

ERIC  PAUL  GUSTAFSON1 
ABSTRACT 

The  first  identifiable  vertebrate  specimen  from  the  conglom- 
erate middle  member  of  the  Ringold  Formation,  Franklin  County, 
Washington,  is  a mandible  of  the  short-legged  rhinocerotid  Tele- 
oceras. The  middle  member  of  the  Ringold  had  been  considered 
Blancan  (Pliocene)  in  age  because  of  the  presence  of  the  early 
Blancan  White  Bluffs  local  fauna  in  immediately  overlying  beds. 

The  Teleoceras  mandible  is  younger  than  basalts  dated  at  8.6 
million  years.  It  is  similar  to  Teleoceras  specimens  from  the 
Hemphi Ilian  McKay  Reservoir  local  fauna  of  Oregon,  and  is  pro- 
bably late  Hemphillian  in  age. 

INTRODUCTION 

In  late  December  197^  a partial  adult  lower  jaw  with  dentition 
of  one  side  present  of  the  short-legged  rhinocerotid  Teleoceras 
was  found  in  the  very  sparsely  foss i 1 i ferous  conglomerate  middle 
member  of  the  Ringold  Formation. 

Vertebrate  fossil  faunas  from  the  State  of  Washington  range 
in  age  from  Arikareean  (early  Miocene)  through  Pleistocene,  but 
none  of  the  known  faunas  has  been  thoroughly  described.  The 
Blancan  White  Bluffs  local  fauna  of  the  Ringold  Formation,  in 
the  Pasco  Basin  near  the  center  of  the  Columbia  Plateau,  has  been 
most  recently  listed  and  partly  described  (Fry  and  Gustafson, 

1 97M • The  specimen  described  here  suggests  a change  is  neces- 
sary in  the  interpreted  age  for  part  of  the  Ringold  section,  and 
it  indicates  that  a fauna  of  Hemphillian  age  is  present  in  central 
Wash  i ngton . 
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LOCATION  AND  DESCRIPTION 

The  Teleoceras  mandible  (WSM  52685,  in  the  Thomas  Burke  Mem- 
orial Washington  State  Museum,  Seattle)  is  from  about  22  meters 
(70  feet)  below  the  top  of  a unit  which  I (unpublished  thesis, 

1973)  have  informally  named  the  Taylor  Flat  conglomerate  (equi- 
valent to  the  "middle  Ringold"  of  Newcomb,  1958).  The  exposure 
(WSM  locality  C 7 1 ) is  a road  cut  in  section  25,  R 28  E,  T 11  N, 
Franklin  County,  Washington,  and  in  fact  the  specimen  was  first 
seen  through  a car  window. 

The  specimen  compares  favorably  in  most  characters  with  mature 
specimens  of  T,  fossiger  (illustrated  in  Matthew,  1932),  though 
it  is  smaller  than  most  described  specimens  of  Teleoceras , An  er- 
roneous preliminary  identification  (w Aphelops ")  was  published  in 
an  abstract  (Gustafson,  1976)  but  the  correction  was  made  by  the 
time  of  the  presentation  of  that  paper  in  April,  1976.  The  short 
anterior  mandible,  with  only  two  premolars  present,  as  well  as  the 
rounded  ventral  margin  and  anterad- 1 ean i ng  coronoid  process,  are 
sufficient  characters  for  the  generic  identification.  Species- 
level  identification  is  not  considered  advisable  because  of  the 
lack  of  revision  of  the  several  described  and  rather  similar  species. 
The  dentition  is  partly  abnormal,  The  third  premolar  leans  anterad 
at  an  awkward  angle,  and  the  fourth  premolar  is  elevated  anteriorly. 
Apparently  the  upper  premolars  which  should  have  occluded  with  these 
teeth  were  broken  or  absent, 


DISCUSSION 

The  species  of  the  genus  Teleoceras  were  listed  by  Tanner  (1975). 
The  earliest  occurrence  listed  is  an  unnamed  species  from  the  early 
Clarendonian  Burge  Member  of  the  Valentine  Formation  in  South  Dakota, 
and  the  latest  occurrence  is  T,  schultzi  in  the  late  Hemphi Ilian 
Kimball  Formation,  Nebraska,  I have  here  used  the  North  American 
Land  Mammal  Ages  as  given  by  Wood  et  a 1 , (19^1)  rather  than  the 

terms  Valentinian  (in  part  = early  Clarendonian)  and  Kimballian  (= 
late  Hemphi Ilian)  as  used  by  Tanner,  Tanner  noted  that  Teleoceras 
evolved  from  a relatively  small  animal  to  a large  robust  form.  How- 
ever, he  mentions  that  "a  smaller  tribe  of  Teleooeras  may  have  lived 
at  the  same  time  as  T,  schultzi , " 

The  specimen  described  here  (WSM  52685)  appears  to  be  conspecific 
with  undescrifced  specimens  of  Teleooeras  from  Hemphi Ilian  localities 
in  northern  Oregon,  particularly  Westend  Blowout  and  McKay  Reservoir 
(Shotwell,  1956,  1958).  It  is  considerably  smaller  than  T , schultzi 
and  T,  hicksi  and  is  slightly  smaller  than  21,  fossiger,  though  the 
significance  of  these  size  differences  remains  to  be  demonstrated. 

It  is  near  the  size  of  T.  major  Hatcher,  and  late  Clarendonian  type 
species  of  the  genus.  It  may  also  be  near  the  size  of  Tanner's 
"smaller  tribe"  from  the  late  Hemphi Ilian  of  the  Great  Plains,  From 
these  data  it  appears  that  the  small  size  of  WSM  52685  has  in  itself 
little  or  no  time  significance. 
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Figure  1.  WSM  52685,  Teleooeras  sp,  mandible  from  Taylor  plat  conglomerate  of  Ringold  Formation, 
locality  WSM  C7 1 > Franklin  County,  Washington,  Occlusal  and  left  lateral  views,  Scale  line  equals 
5 centimeters. 
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The  Taylor  Flat  conglomerate,  from  which  this  specimen  came, 
is  overlain  by  a 150  meter  (500  foot)  thick  fluviatile  section 
containing  an  early  Blancan  fauna  (Fry  and  Gustafson,  197*0.  No 
specimens  of  any  rhinocerotid  have  been  recognized  from  the  latter 
(White  Bluffs  local  fauna  of  Tedford  and  Gustafson,  1977),  although 
many  hundreds  of  specimens  are  known.  The  Taylor  Flat  conglomerate 
is  underlain  by  further  sediments  (about  60  meters  or  200  feet  at 
WSM-C71)  and  by  basalt  flows  of  the  Yakima  Basalt.  The  youngest 
of  these  are  the  Ice  Harbor  flows,  which  have  been  dated  at  8.6± 

0.3  million  years  using  whole-rock  K/Ar  methods  (Swanson  and  Wright, 
1976).  With  the  present  data,  I consider  the  Taylor  Flat  conglom- 
erate probably  equivalent  in  age  to  deposits  overlying  the  Yakima 
Basalt  in  northern  Oregon  which  contain  late  Hemphi Ilian  faunas. 
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STUDIES  ON  FOSSIL  PHYLLODONT  FISHES:  A NEW  SPECIES 

OF  PHYLLODUS  (ELOP I FORMES , ALBULO I DEA)  FROM 
THE  LATE  CRETACEOUS  OF  MONTANA 

by 

RICHARD  ESTES1  AND  ROBERT  HIATT2 
ABSTRACT 

Phytlodus  paulkatoi,  n.  sp.,  from  the  Late  Cretaceous  Hell 
Creek  Formation  of  Montana,  is  the  first  Cretaceous  record  and 
most  primitive  member  of  the  genus,  lacking  the  transverse 
widening  of  the  central  row  of  teeth  on  the  bas i branch ia 1 tooth 
plate.  A cladistic  arrangement  of  the  Phyl lodontinae  suggests 
that  phy 1 1 odont i ds  are  derived  from  albulids  through  the  Early 
Cretaceous  albulid  Casierius.  Phyl lodontids  represent  a poorly- 
known  but  common  group  of  albuloid  fishes  known  only  from  oral 
tooth  plates;  the  group  was  distributed  along  a shallow  water 
"track"  extending  from  epicontinental  seas  on  the  North  American 
continent  across  the  North  Atlantic  to  Europe,  apparently  becoming 
extinct  shortly  after  separation  of  Europe  and  North  America  in 
the  Early  Eocene. 


INTRODUCTION 

Occurrences  of  tooth  plates  of  fishes  with  multiple  superposed 
sets  of  replacement  teeth  (phyl lodont)  have  been  discussed  recently 
by  Estes  1969a,  1969b.  This  condition  has  been  found  in  at  least 
seven  teleost  families  but  most  occurrences  in  the  early  Tertiary 
are  referable  to  the  family  Phyl lodontidae,  related  to  the  living 
albuloid  bonefishes  or  ladyfishes.  Two  subfamilies  Phyl lodont i nae 
and  Paralbulinae  have  been  named,  of  which  the  latter  is  the  more 
primitive  in  having  greater  number  of  teeth,  teeth  alternating  or 
irregular  rather  than  directly  stacked,  and  in  having  hemispherical 
rather  than  flattened  teeth. 
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The  two  subfamilies  are  known  principally  from  Paleocene  and 
Eocene  localities  in  North  America,  Europe,  and  Africa,  and  come 
from  sands  and  clays  associated  with  continental  margin  deposits 
or  epicontinental  seas.  The  earliest  records  of  the  group  to  date 
are  Campanian  and  Maastr icht ian  occurrences  of  Paralbulinae  in 
North  America  and  Africa. 

A recently  discovered  specimen  from  the  Hell  Creek  Formation 
(Maastr icht i an)  of  Montana  is  of  interest  because  it  is  the  first 
Cretaceous  record  of  the  Phy 1 lodont inae  and  because  it  represents 
what  appears  to  be  a primitive  species  of  the  genus  Phyllodus. 

SYSTEMATICS 

Infraclass  Teleostei 

Superorder  Elopomorpha 

Order  Elopiformes 

Suborder  Albuloidei 

Family  Phy 1 lodont idae 

Phyllodus  paulkatoi  n.  sp. 

Text  Figs.  1-2 

Etymology : Named  for  Paul  Kato,  a high  school  student  in  Glendive, 
Montana  ,who  collected  the  specimen  and  kindly  donated  it  to  the 
Museum  of  Paleontology,  University  of  California. 

Ho lo type:  University  of  California,  Berkeley,  Museum  of  Paleontology, 
UCMP  119563,  posterior  portion  of  basi branchial  tooth  plate. 

Referred  specimens:  No  other  topotypic  specimens  are  known,  but 
Museum  of  Comparative  Zoology,  Harvard  University  9275-9277,  frag- 
ments of  tooth  plates  from  the  Tullock  Formation,  early  Paleocene 
(Puercan)  of  Montana,  are  probably  referable  to  this  species. 

These  specimens  were  previously  referred  to  Phyllodus  toliccpicus 
by  Estes  ( 1 969a) • 

Type  locality:  UCMP  locality  V 78043,  SW  1/A  Sec.  33,  T.  16  N,  R. 

56  E,  Dawson  County,  Montana.  Soft  olive  sandstone  in  base  of 
badland  bluffs  approximately  3/A  mile  South  from  Highway  I-9A, 
five  miles  east  of  Glendive,  Montana. 

Hor i zon : Hell  Creek  Formation,  probably  not  far  below  the  basal 
("Z“)  coa 1 bed . 

Age : Late  Cretaceous  (Maastr ichtian). 
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Figure  1.  Phyllodus  paulkatoi,  n.  sp. : A,  lateral;  B,  occlusal 

and  C,  basal  views  of  type  specimen,  UCMP  1195&3,  bas i branch i a 1 
tooth  plate;  Upper  Cretaceous  (Maastrichtian) , Hell  Creek  Fon- 
mation,  Glendive,  Montana.  D,  lateral;  E,  occlusal  and  F,  basal 
views  of  referred  specimen,  MCZ  9277,  Lower  Paleocene  (Puercan) , 
Purgatory  Hill,  McCone  County,  Montana. 
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Figure  2.  Phyllodus  paulkatoi,  n.  sp.;  type  specimen,  UCMP 
1)9563,  Upper  Cretaceous  (Maastr icht i an) , Hell  Creek  Formation, 
Glendive,  Montana.  Restoration  of  bas i branch! a i tooth  plate. 

Diagnos i s : Differs  from  Phyllodus  toliccpicus  and  P,  centralis  in 
having  a central  longitudinal  row  of  three  slightly  enlarged  suboval 
teeth;  differs  from  P.  toliapicus  in  having  suboval  rather  than 
transversely-elongated  teeth  in  the  central  row;  sculpture  of 
tooth  crowns  slightly  coarser  than  those  of  the  above  species. 

Descr i pt ion : Teeth  subcircular  or  suboval;  tooth  crowns  finely 
rugose  when  unworn;  tooth  diameter  range  1.4  - 4.5  mm;  replacement 
teeth  usually  stacked  in  regular  columns  below  functional  teeth; 
teeth  flattened,  cavity  not  apparent;  interstitial  bony  matrix 
little  or  absent.  Central  row  of  three  teeth  very  little  enlarged 
(diameters  5.0  - 5.4  mm)  surrounded  by  row  of  somewhat  smaller 
teeth  (diameters  3-0  - 4.6  mm),  at  least  two  peripheral  rows  of 
teeth  1.4  - 3-0  mm  in  diameter. 


1978 


STUDIES  OH  FOSSIL  PHYLLODONT  FISHES 


5 


In  thin  section  the  teeth  consist  of  a basal  layer  of  ortho- 
dentine and  a thinner  crown  layer  of  modified  dentine.  The  type 
appears  to  lack  (in  the  one  thin  section  made)  the  few  prominent 
medullary  canals  seen  in  the  Tullock  Formation  specimens,  and 
there  is  no  tendency  to  develop  groupings  of  the  orthodent i na 1 
tubules  at  the  pupal  surface  that  are  seen  in  other  phyl lodont ines ; 
in  this  respect  the  type  specimen  is  more  like  the  para  1 bul ines . 

These  preliminary  observations,  however,  may  be  more  the  result 
of  regional  limitation  of  these  structures  and  the  single  section 
made.  An  analysis  of  phyllodontid  tooth  histology  is  being  made 
by  Mr.  Floyd  Richey  and  more  definite  statements  must  await  com- 
pletion of  his  study . 

D i scuss  ion  : Degree  of  enlargement  of  central  teeth  in  Phyllodus 
varies  extensively  as  shown  in  large  Eocene  samples  from  the  London 
Clay  (England)  and  Aquia  Formation  (Maryland)  but  no  known  specimens 
of  P.  toliapicus  have  suboval  teeth  in  the  central  row  of  three 
or  four  teeth;  some  degree  of  transverse  elongation  always  occurs. 
Casier  (1967)  named  P.  centralis  based  on  two  late  Pal  eocene 
specimens  from  Belgium  in  which  the  central  tooth  is  a single 
enlarged  one  rather  than  a row  of  three.  Lack  of  transverse  elon- 
gation of  the  central  teeth  in  the  Hell  Creek  specimen  along  with 
the  somewhat  more  coarse  tooth  crown  sculpture  seems  to  justify 
a new  species,  however,  more  primitive  in  this  respect  than  the 
other  two  species. 

Estes  (1969a)  commented  on  fragmentary  early  Paleocene  specimens 
of  Phyllodus  from  the  Tullock  Formation  of  Montana,  referring  them 
to  P.  toliapicus  but  noting  possible  future  reference  to  a new 
species.  P.  paulkatoi  and  the  Tullock  Formation  specimens  both 
have  a coarser  sculpture  pattern  than  other  Phyllodus.  In  addition, 
lack  of  elongated  central  teeth  in  P.  paulkatoi  suggests  that  their 
absence  in  the  Tullock  specimens  could  have  been  real  rather  than 
simply  the  result  of  an  incomplete  record,  and  the  Tullock  specimen 
figured  by  Estes  (1969a,  fig-  la-c),  while  slightly  smaller  than 
the  type  of  P.  paulhatoi,  appears  to  represent  one  of  the  slightly 
enlarged  row  flanked  by  two  teeth  of  the  lateral  row  (Figure  lb). 

Thus  at  least  provisionally,  the  Tullock  specimens  can  be  referred 
now  to  P.  paulkatoi,  giving  a range  for  the  latter  of  Maastr i cht ian- 
Puercan  (Monti an  equivalent);  P.  toliapicus  thus  is  first  known 
from  the  late  Paleocene  of  Europe  and  Africa. 

Geological  occurrence:  The  unique  specimen  of  Phyllodus  paulhatoi 
was  found  in  the  very  fos s i 1 i ferous  bank  of  a dry  creek  bed,  as- 
sociated with  oste i chthyan , reptilian  and  mammalian  fossils  including 
a 10  cm  dinosaurian  centrum.  Careful  prospecting  in  the  immediate 
vicinity  disclosed  a fragment  of  Triceratops  jaw  and  the  well- 
preserved  fragments  of  two  teeth  of  Tyrannosaurus  rex.  The  basal 
or  "Z"  coal  seam  is  well  exposed  about  3/4  mile  away,  near  High- 
way 1-94;  this  bed  is  widely  used  as  a "formula"  separator  between 
Cretaceous  and  Paleocene  beds  (Brown  1962)  but  the  relationship 
between  the  bed  from  which  the  specimen  of  P.  paulkatoi  came  and 
the  "Z"  coal  bed  is  difficult  to  determine  in  this  area.  The  closely 


Casierius  heckelii 


Figure  3-  Cladogram  expressing  presumed  relationships  among 
members  of  the  subfamily  Phy 1 1 odont i nae  and  its  relationship 
to  Paralbulinae  and  Albulidae.  Numbers  refer  to  shared-derived 
characters  discussed  in  the  text. 
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associated  dinosaurian  remains  seem,  however,  to  confirm  the 
Cretaceous  age  of  the  specimen. 

Affinities  of  the  Phy 1 I odon t i nae : The  primitive  morphology  of 
Phyllodus  paulkatoi  provides  an  opportunity  to  re-evaluate 
the  relationships  of  the  species  presently  included  in  the  sub- 
family Phy 1 1 odon t i nae . The  most  common  species  of  Phyllodus  is 
P.  toliapious , known  from  many  Late  Paleocene  and  Early  Eocene 
localities  in  Europe,  and  Early  Eocene  in  North  America.  P. 
centralis,  if  it  is  a species  rather  than  simply  an  occasional 
variant  of  P.  toliapious,  is  known  only  from  the  Late  Paleocene 
and  Early  Eocene  of  Europe  if  "Diapkyodus"  ovalis  is  referable 
to  P.  centralis  as  suggested  by  Estes  (1969a)-  Or.  Peter 
Wellnhofer  (in  litt.  1978)  notes  that  the  type  of  "D."  ovalis 
has  been  lost,  and  that  the  age  of  the  deposits  from  which  it  came 
is  Early  Eocene  rather  than  Late  Eocene  as  in  Estes  (1969b).  The 
cladogram  in  Figure  3 shows  a possible  arrangement  of  these  three 
species  and  their  presumed  morphological  ancestor  Egertonia  isodonta , 
a rare  species  known  from  Late  Paleocene  through  Middle  Eocene  of 
Europe  and  Middle  Eocene  of  Barbados.  When  placed  on  a geochrono- 
logic  scale  (Fig. A)  the  only  problem  arising  with  the  cladistic 
arrangement  is  the  late  occurrence  of  E.  isodonta,  but  it  is  a 
rare  species  and  clearly  more  primitive  than  species  of  Phyllodus; 
perhaps  it  will  eventually  be  found  to  occur  in  the  Cretaceous. 

These  species,  which  together  constitute  the  Phy 1 1 odon t i nae , appear 
to  be  related  to  the  Paralbulinae  on  the  basis  of  the  sha red-der i ved 
character  states  of  (2)  loss  of  pterygoid  tooth  plates,  a loss 
parallel  to  loss  of  pterygoid  plates  in  Division  III  fishes; 

Greenwood  et  al.  (1966),  and  (3)  suboval  shape  of  tooth  plates, 
both  of  which  states  separate  these  groups  from  their  presumed 
ancestral  group,  the  Albulidae.  Relationship  to  the  albulids 
was  discussed  by  Estes  (1969a)  and  rests  in  great  part  on  similarity 
of  bas i branch i a 1 and  skull  bone  impressions  on  these  tooth  plates. 

These  similarities  are  convincingly  close  but  there  is  still  little 
similar  data  available  for  related  groups.  A possible  intermediate  be- 
tween albulids  and  phy 1 lodont ids  is  Casierlus  (Estes , 1969b),  from  the 
Early  Cretaceous  of  North  America  and  Europe,  which  appears  to  be 
albulid  in  having  elongated  tooth  plates  and  the  retention  of 
pterygoid  plates;  it  is,  however,  a phy I lodont  form.  Casierius  and 
the  phyl lodont ids  may  be  paraphyletic  groups  but  th^re  is  insuf- 
ficient information  at  present  on  which  to  base  such  a decision; 
for  the  present  they  are  considered  to  be  related  and  thus  the 
phyl lodont  condition  (1)  is  used  to  link  them  although  they  are 
placed  in  separate  families  here.  Resolution  of  the  relationships 
of  phyl lodont ids  and  albulids  must  await  associated  skeletons  and 
tooth  plates. 

Regardless  of  these  problems  of  ancestral  relationships,  the 
species  included  in  the  Phy I lodont i nae  seem  to  form  a closely-knit 
group.  All  included  species  share  the  derived  states  of  (A)  flattened 
teeth  that  are  (5)  regularly  stacked  in  columnar  piles.  Egertonia 
isodonta  is  the  most  primitive  of  the  group  in  having  subequal  teeth 
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Figure  b.  Stratigraphic  and  presumed  phylogenetic  relationships 
of  Phyl lodontidae  and  their  immediate  ancestors.  Vertical  bars 
indicate  the  stratigraphic  range  of  each  taxon;  dotted  lines 
express  relationships. 
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and  its  only  unique  feature  is  (6)  a sparse,  punctate  sculpture. 
Phyllodus  is  derived  on  the  basis  of  (7)  a tendency  to  enlarge  the 
central  row  of  three  or  four  teeth.  Phyllodus  paulkatoi  has  (8)  a 
we  1 1 -deve I oped , fine  granular  sculpture  and  (9)  the  central  row  of 
teeth  is  slightly  enlarged  but  they  are  not  elongated.  Both  P. 
toliapicus  and  P.  centralis  share  (10)  a very  fine,  microgranular 
sculpture;  the  former  has  (11)  the  central  row  of  3 or  k teeth 
transversely  widened,  the  latter  has  (12)  only  a single  relatively 
enormous  tooth  in  the  central  row. 

Para  1 bul i nes , which  are  not  otherwise  discussed  here,  differ 
from  phy 1 lodont i nes  in  having  a much  greater  degree  of  interstitial 
matrix  between  teeth,  having  irregularly-stacked  teeth  and  domed 
surfaces  of  the  bas i branch i a 1 tooth  plate  that  meet  a concavity 
in  the  parasphenoid  plate.  The  adaptation  for  crushing  was  thus 
of  a slightly  different  form  from  that  of  phy 1 1 odont i nes , which 
have  flatter  occlusal  surfaces  of  the  tooth  plates. 

Biogeography  of  the  phy 1 1 odon t i ds : Estes  (1989a)  suggested  origin 
of  the  Phyl lodont idae  in  shallow  epicontinental  North  American  seas. 
More  recent  plate  tectonic  analysis  of  the  North  Atlantic  region 
(See  McKenna,  1975)  emphasizes  the  closeness  of  North  America  and 
Europe  in  the  Cretaceous  and  the  lack  of  a Northern  Atlantic  con- 
nection to  cold  Arctic  waters.  Many  species  of  fishes  developed 
in  this  early  North  Atlantic  region  and  became  widely  distributed 
in  Cretaceous  and  Early  Cenozoic  times.  The  shallow-water  habitats 
in  which  phyl lodontids  occur  from  Late  Cretaceous  through  Eocene 
time  were  widespread  on  the  borders  of  the  North  Atlantic  and  the 
related  shallow  epicontinental  seas  on  the  North  American  continent. 

Casievius  aaultinus,  if  it  is  actually  an  ancestral  group  to 
phy 1 lodont ids,  had  a similar,  broad  distribution  in  Early  Cretaceous 
seas  of  this  same  region,  as  it  is  known  in  Texas,  England  and 
Italy.  It  is  thus  likely,  given  the  known  distribution  pattern  of 
Casierius  and  phy 1 lodont ids , that  no  center  of  origin  existed  for 
the  group,  which  occupied  what  Croizat,  Nelson  and  Rosen  (197*0 
have  called  a "generalized  track",  with  coincident  distributions 
of  a number  of  other  fish  groups  (See  e.g.,  Leriche,  19^2). 

Phyllodus  paulkatoi,  representing  an  early  stage  in  phyl lodontine 
evolution,  was  probably  distributed  widely  in  this  shallow-water 
"track"  (of  which  we  still  have  i nsuf f i c i ent  Late  Cretaceous  and 
Paleocene  records  in  Europe).  The  Tullock  Formation  record  (if 
correctly  assigned)  would  have  probably  been  from  land-locked 
populations  (Love,  McGrew  and  Thomas,  1983)  but  oceanic  populations 
gave  rise  to  the  later  P.  toliapious  which  itself  ranged  widely 
over  this  "track".  Phyl lodont i ne  evolution  thus  can  be  explained 
more  reasonably  in  terms  of  vicariance  bicgeography  than  in  terms 
of  a center  of  origin. 
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Coluber  1 3- 1 

Colubridae:13-l 

Contra  Costa  Group:20-1 


C oscinodisiusr.9-  7 
nevadensis:9-l , n.sp 
Cretaceous:24-l  ;28- 1 
Cricetidae:6-13;25-1 
CuyamahgusASAO.  n.gen. 

daH-sonrA  5-10,  n.sp 
Cylirvdrodontidae.6-3 
Cyprinidae:22-1 

DesmodusAA 
magnusAA 
rotundus: 3-1 
siockt.3-\ 

DmcodomlAA 

Diaiom:9-l 

Dinooerala:I2-l 

Efopiformes:28-1 
EobasileusA2-2 
coi  nutus.\2-2 

Eocene:6-l;12-l;17-l;24-l 
Eomyidae:6-S:  16-2 
Eomvsr.  16-2 
zirtelr.  1 6-3 
Equidae:7-2 

Esmeralda  Formation:4-2:7-l 
EiibelodonA-2 
Euomphalidac.8-9 
Euphetrutes.  8-7 
kmgr.i-7 
Euphenilopsis  8 - 2 
subpapilhsar.  8-2 

Formation 

.Aldrich  Station  Formaiion:9-l 
Arcturus  Formation^- 1 
Branch  Canyon  Formation:15-l;I6-l 
Bridger  Formation  24-4 
Chinji  Formation:25-2 
Contra  Costa  Group:20-1 
Esmeralda  Formation:4-2:7-l 
Fort  Union  Formation:24-4 
Hell  Creek  Formation:28-l 
Huerfano  Formauon;24-4 


VIII 


Keasey  Formation:  17- 1 

Lincoln  Creek  Formation:17-l 

Nacimiento  Formation:24-4 

Nestucca  Formation:  17-1 

Pismo  Formation:  18-3 

Ringold  Formalion:27-l 

Rose  Canyon  Formation:12-1 

Round  Mountain  Sill:  1 0-  J 

San  Jose  Forrnation:24-4 

Santa  Margarita  Formaiion:l  1 -1 ,18-1 

Sespe  Formation-6-1 

Shark  River  Formation:  17-1 

Temblor  Formation:  10-1 

Tepee  Trail  Formation:24-4 

Tick  Canyon  Formation:!-! 

Truckee  Formation:  13-1 
Tullock  Formatton:24-4 
Wasatch  Formation: 24-4 
WiUwood  Formation  24-4 
Wind  River  Formalton:24-4 
Fort  Union  Formation:24-4 

Gaswrosteux.  13-1 
dorysxux\3-\ 

G*stropod*:8-7 
Geomyidae:6- 13:26-1 
Gikr.22-3 

Gnotfmbclodort.4-2 
Gonipfwncnur9-l 
lejum.9-l , n.sp. 

Gomph  o then  idae : 4- 2 
Gnmasjmr.%- 12 
geminocarinaia:  8- 1 2 
Grcgorymyx.  26-1 
curtus.  26-6 
kayr.26-6 
larsonr^-],  n sp. 
rtggsf.  26-6 
Gnphomyx.6-\  3 
Gypsonic:ops.24- 1 

Hell  Creek  Formation:28-1 
Hemingfordian : 1 5 - 1 ; 1 6- 1 
Hemphillian.  13-9:27-1 
Heptranchiav  17-1 
hov.'ethr.\  7-1 
perkr.\l-3 
Hesperoleucur.  22-3 
Heteromyidae:16-7 
llexanchidae  17-1 
Hexanchuxll -3 
grneus.  17-3 
Holocene5-l 
Huayquerian:23-1 
Huerfano  Formation.24-4 


Hyut"n>doiiopx23-\ 
l hapalmalensis.23- 1 
Hydrodamo  s 1 8- 1 
Hypohippux.l-b 
affinixJ-b 
nevadensixl -6 
Hypolagux  1 5-9 
apuchensis:  1 5-9 

Imagotarur.  11-1 
doxnsr. 1 1-1 
lnsectivora:15-3 

Keasey  Formation:  17-1 
Kenya:  14-1 

Lagomorpha:15-9 
Lavima:  22-3 
Lepondae:15-9 
Leptictidae  24-1 
Lmmoecux  15-6 

Lincoln  Creek  Formation:  17-1 
Lutetian.1  2-1 

Marsupicarnivora  23-1 
Meekospirtr.  8-14 
Meekospiridae:8-14 
MegabelodoirA-2 
cruziensix.4-4 
jorakc4-4 
lullr.4-4 

minor 4-2.  n.sp. 
phippsr.4-4 
Megahippux  7-2 
matihewr.l -2 
mckennar.1-3 
Merychyusr.  1 -3 
calaiwnlhux  1 -3 
jahnsr.\-4 , n.sp. 

Merycoidodontidae:  1-3 
Melaxyiheriunr.  18-1 
jnrdonr  1 8- 1 

Miocene  4-2:7- 1 :9-3: 1 0- 1 ; 1 1 - 1 ; 1 4- 1 ; 1 
) 7- f.lTL  l;20- 1:25- 1:26-1 
Miospermophilux  15-14 
Mon  tana:24- 1:28-1 
Monlehermosan:23-l 
Mookomvs.  1 6-7 
alttfluminus.  1 6-7 
Murchisoniidae:8-12 
Muridae  25-1 
Musteltdae:20-1 
Mybpharodon.  22-3 
My  oconchidae : 8 - 7 


5-1:16-1 


Myrnucubnidez.24- 1 
montaiieinn>.24-2\ 

Nacimiento  Formalion:24-4 
Namaiomys.  6-5 
Jaruasmtr.b-S,  n.sp. 

Nesiucca  Formation:  17-1 
Nevada:4-1;7-1 :8- 1 ;9- 1 ; 1 3- 1 
New  Jersey:  17-1 
NidoreUia.2-2 
Notidank>n:\l -1 
bowel lir.  57-1 
Xolorhynchus.  1 7-3 
macutalUs\:\2-3 
.Xoiosmitusr.  23-1 
pattersoil'r23- 1 
Nuculidae:8-6 

Ochotonidae:  1 5- 1 0 
Oligocene:  17-11 
Oregon:17-l 
Orthodoir.22-2 
Ostracoda:5-l 
Otariidae:  10-1  ;1 1-1 

Pakistan:25-1 
Pa!aeictops.24-\ 
bituspis.24-\4 
bridgerr.  24-15 
mflU/K’Ht.24-18,  n.sp. 
mullicuspis:  24-16 
Palaeonucukr.%-} 
levatjbrmisi%-3 
Paleocene:24- 1 

Paleoecology:5-l:8-t :9-l  .13-1  7;  1 4- 1 -1 7-10; 
19-UM 

Pareumys.b-3 
Pathology:  18-1 
Pemacerasirr.  2-2 
Perissocylhe  ridea:  S- 1 
meyerabiilir.5-1 
Perissodactyla:7-2;27-l 
Permian:8-1 
Pbaria.2-2 
Phatana.2-2 
Phyllodontidae'28-1 
Phyllodur.2%- 1 
paulkator.2$-  \ . n.sp. 

Phyllostomatidae:  1 5-7 
Ptsmo  Formation:  18-3 
Pleistocene:3-l 

P1iocene:4-2;7-l ;9-8;l 3-1 ;1 7-1:1 8-1 ;20-l: 
23-1:27-1 
Poponichthys.22-3 
Proboscidea:4-l 


Prodiaeodotr.  24-1 
< oin  iirdiarccnsn: 24-27 
crusWluirr.24-3 1 . n.sp. 
furor. 24-22,  n.sp. 
puercensiz24-23 
tauncinercr  24-24 
Prohererurm’s  16-13 
nwynus'.\b-\b 
sutculwr.\b-\3 
Protolhacu:  21-1 
siaminetr.  21-1 
Pseudolheridvmys.  1 6-4 
cuyamensis:  1 ft -4,  n.sp. 

Pnvhocheilu s 22-3 
Puercan:24-4 

Ranchoiabrean:3-l 
Recent  2-1:5-1:19-1:21-1:22-1 
Rhimchihys:22-3 
Rhinocerotidae:27-l 
R Khardsoniuy.  22-3 
R immyjiniina.  8-7 
Ringold  Formation:27-1 
Rodentia:6- 1;15-14;  16-1:25-1  ;26- 1 
Rose  Canyon  Formations  1-1 
Round  Mountain  Silt:  10-1 

San  Jose  Formation:24-4 
Santa  Margarita  Formation:il-l  :1 8-1 
Scalopotder.  1 5-3 
Sciuravidae:6-1 
Sciuridae:15-14 
Se!achii:17-1 
Sespe  Formation:6-l 
Shark  River  Formation:  17-1 
Sharkioolh  Hill:  10-1 
Simimyy.b- 1 3 
Sinuitidae:8-7 
Sirenia:  18-1 
Soricidae:15-6 
South  America:23-1 
Squamata:13-5 
Slroparollus:  8-2 
arcnirur.Z-*!  n.sp. 

Ta!pidae:15-3 
Taphonomy:2-l;19-l 
Teleoccras.  27-1 
Temblor  Formation:  10-1 
Tepee  Trail  Formation:24-4 
Tcrhropsis.  1 2-2 
ipenianunr.\2-2 
Thylacosmilidae:23-l 
Thylacosruilus:23-\ 
airor.  23-1 


xt 


I'-niii  2i- I 

Tick  Canyon  Formation:  1-1 
TilTanian:24-4 
Torrejonian:24-4 
Truckee  Formation. 1 5-1 
Tullock  Formation. 24-4 

U in  tan  6- 1 ; 1 2-1  24-4 
Uintatherium.  12-1 
ancepr. 12-2 

Variation:  10-1.21-1 

Wasatch  Formation:24-4 
Wasatchian:24-4 
Washington:  17- 1.2 1-3: 27-1 
Willwood  Formalion:24-4 
Wind  River  Formalion:24-4 

Zabphus:\0-\ 

culifornianus'.\0-\ 

Zapodidae:6-l 


